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PREPACK. 


The  object  in  issuing  the?  lUtlht'm  is  to  secure  a  quick  publica- 
tion of  short  notes  and  preliminary  reports  on  seismological 
subjects,  more  especially  such  contributions  ;w  may  l>c  of  use  in 
connection  with  the  works  of  the  International  Seismological 
Association.  The  1'uhlivatiuns,  which  contain  more  lengthy  papers, 
will  be  issued  from  time  to  time,  as  heretofore. 

.     Jan.  1007. 

15.  M  a  no,  President. 

V.  Omoiu,  General  Secretary. 

Imperial  Kurtliqnuke  InwuLigtilion  Committee, 
Tokyo,  Japan. 


Digitized  by  Google 


CONTENTS. 


Preface, 

F.  Oinori.— On  the  Estimation  of  tho  Timo  of  Occurrence  at 
the  Origin  of  a  Distant  Earthquake  from  the  Duration 


of  the  1st  Preliminary  Tremor  observed  at  any  place,,,  1 


F. 

<  >mori. —  <  Ml  the  Methods  of  (  'alculating  tbe   Velocities  of 

Earthquake  Propagation  

r> 

F. 

Onion. — Preliminary  Note  on   the  Cause   of  the  San 

Francisco  Earthquake  of  April  18,  1000   

F. 

Omori. — Preliminary  Note  on  the  Sei tomographic  Observa- 

tions of  the  San  Francisco  Earthquake  of  April  IS, 

1000   ...   

20 

F 

Omori  —  Noto  on  thn  Transit,  Vi>lor>itii»*  of  Guatemala 

Earthquake  of  April  11),  1002   

44 

F. 

Omori. — The  Calabrian   Earthquake  of  Sept.   S,  1005, 

observed  in  Tokvo   ...     

47 

On  the  Estimation  of  the  Time  of  Occurrence  at  the  Origin 
of  a  Distant  Earthquake  from  the  Duration  of  the 
ist  Preliminary  Tremor  observed  at  any  place. 

ay 

F.  Omori,  Sc.  D., 

Member  of  tho  Imperial  Earthquake  Investigation  Committee. 

The  approximate  time  of  occurrence  (=/0)  at  the  origin  of  a 
distant  earthquake  can  be  calculated  from  the  duration  of  the  1st 
preliminary  tremor  (=J/i)  of  the  latter  observed  at  any  place. 
Thus,  let  T  denote  the  time  interval  taken  by  the  initial  vibra- 
tions of  the  earthquake  motion  in  travelling  the  arcual  distance 
(=x),  between  the  origin  and  the  given  station;  and  let  r,  and  r, 
denote  the  velocities  of  propagation  corresponding  to  tho  1st  and 
2nd  preliminary  tremors.    Then  we  have:  — 

Putting  proper  values  for  c,  and  r.,,  namely,  r,  — 13.7  and  r:=7.2 
km.  per  sec.*,  we  obtain:  — 

T=  1.108  Ui  (1) 

The  values  of  vt  and  r,  used  in  deducing  the  above  formula  are 
those  obtained  by  4 'difference  method,"  that  is  to  say,  calculated 
by  taking  the  differences  of  the  epicentral  distances  of  different 
observing  stations,  and  the  differences  of  the  times  of  arrival  at 
the  latter  of  the  earthquake  motion.    For  our  present  purpose, 

•  Tht-«e  values  are  slight  modifications  cf  those  giveii  in  tho    Publications,"  Xo.  13. 
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2  F.  Omori : 

however,  it  is  perhaps  better  to  take  the  values  of  the  transit 
velocities  deduced  by  ' 4  direct  method  or  those  obtained  by 
dividing  the  epicentral  distance  of  a  station  by  the  time 
interval  taken  by  the  seismic  waves  in  traversing  that  distance.^ 
The  results  deduced  from  the  observations  of  the  Indian  earth- 
quake of  April  -1.  1005,  at  different  seismological  stations,  are  as 
follows*  :  — 

r,=  lO.O    km.  per  sec; 
rs=5.83      „  „ 

Using  these  values  we  obtain  :  — 

r  =  1.22-2y,   (2) 

Let  us  provisionally  take  the  mean  of  the  two  equations,  thus:  — 

t^tt-UG*  yi...  (3) 

in  which  f,  denotes  the  time  of  commencement  of  the  earthquake 
motion  at  a  given  observatory. 

Equation  (3),  which  is  to  bo  regarded  as  being  roughly 
approximate,  gives  fairly  good  results,  as  shown  by  the  follow- 
ing examples. 

(1)    Indian  Earthquake  of  April  1,  1005. 

The  time(=f,)  of  occurrence  in  Tokyo  of  this  earthquake  was 
0*50-  13*  (G.  M.  T.);  the  duration  (=»/,)  of  the  1st  preliminary 
tremor  being  Tin  IGs.  From  (3)  we  thus  find,  for  the  time  of 
earthquake  occurrence  at  the  centre  itself:  — 

X  See  next  Article. 

*  deduced  from  the  observations  :it  the  different  stations,  whose  epicentral  distance  varied 
U-twevn  20°  and  120.° 
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f0=0  59"  13'-(1.105xl3G')=0<  50"  45'  (G.  M.  T.) 

This  agrees  very  well  with  the  time  of  occurrence  at  the  origin 
inferred  from  the  magnetograph  observations  made  at  Dehra  Dun, 
namely,  0*40"  48'  (G.  M.  T.) 

(2)    San  Franc  inco  M-ktrt/tquake  of  April  18,  IOOO. 

The  time  (<,)  of  occurrence  in  Tokyo  was  5*  24"  :35'  A.M.  (in 
Western  States,  or  Pacific,  Time);  the  duration  (=//:)  of  the  1st 
preliminary  tremor  being  9"  40'.  For  the  time  of  occurrence  at 
the  origin  itself,  we  have:  — 

r«=5*  24"  :*5'-(l.  105x9"  49')=5A  l.T  5'  A.M. 

This  seems  to  he  very  close  to  the  real  value  of  f„.  since  the  time 
of  occurrence  of  the  great  earthquake  observed  at  the  Students' 
Observatorv,  Berkeley,  and  Lick  Observatorv,  Mount  Hamilton, 
were  respectively  5*  12"  IV.)'  and  5*  12"  124,  these  two  places  being 
not  much  distant  from  the  epicentral  zone.  The  time  of 
earthquake  occurrence  at  the  centre  of  disturbance  was  probably 
5*  12-. 

(3)    C'alabrian  Earthquake  of  Sept.  8,  1905. 

The  time  (f,)  of  occurrence  in  Tokyo  of  the  seismic  motion 
was  1*50-09"  (G.M.T.);  the  duration  (//,)  of  the  1st  preliminary 
tremor  being  10"  25'.  Applying  these  values  to  our  formula,  we 
obtain :  — 

50"  09'-(l.lC5xC25')  =  lA  44"  00'  (G.M.T.) 

Now  according  to  the  seismograph  ieal  observations  made  at  the 
Observatory  of  Messina,  the  earthquake  shock  was  felt  there  first  at 
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1*  43m  1?±2*  (G.M.T.).  Hence  the  time  of  occurrence  at  the 
origin  itself  was  probably  about  1A  43"  00',  which  is  close  to  the 
result  estimated  above. 
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On  the  Methods  of  Calculating  the  Velocities  of 
Earthquake  Propagation. 

F.  Omori,  Sc  D., 

Member  of  the  Imperial  Earthquake  Investi^ition  Committee. 

In  tho  Publications  of  the  Earth  pude  Investigation  Committee,  Nos. 
5  and  13,  I  have  stated  the  view  that  the  seismic  waves  cor- 
responding to  the  different  phases  of  the  earthquake  motion  are 
propagated  along,  or  parallel  to,  the  earth's  surface. 

In  the  discussion  of  the  transit  velocities  of  the  different 
phases  of  the  earthquake  motion,  given  in  suhsequent  Articles,  I 
have  followed  the  same  assumption  and  used  throughout  the  arcual 
distance  instead  of  the  length  of  the  chord.  Further,  there  are 
two  distinct  methods  of  the  velocity  calculation,  as  follows. 

(A)  Mreet  Method.  jn  which  the  transit  velocity  is  obtained 
by  dividing  the  epicentral  distance  of  a  station  by  the  difference 
between  the  times  of  occurrence  of  a  particular  phase  of  motion  at 
the  latter  and  the  origin  of  disturbance.  Thus,  if  x'  be  the  epi- 
central distance  of  a  place,  and  if  /'  and  t,  be  respectively  the 
times  of  occurrence  at  the  latter  and  the  epicentre,  we  have:- 

Velocity  =  t  X-h  . 

(B)  Difference  Method,  in  which  the  velocity  is  obtained  by 
dividing  the  difference  of  the  epicentral  distances  of  any  two 
stations  by  the  difference  of  the  times  of  occurrence  of  a  given 
phase  of  motion  at  these  stations.    Thus,  if  x  and  t'  have  the 
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same  meaning  as  before  and  if  x"  and  t"  be  the  corresponding 
quantities  at  a  second  place,  we  have:  — 

Velocity =-7^—=  ,)t  . 

The  "  difference  method  "  gives  always  a  higher  value  of  the 
velocity  than  the  "direct  method";  the  discrepancy,  which  be- 
comes smaller  with  the  increase  of  the  epicentral  distance,  being 
markedly  shown  up  to  the  distance  of  about  40°. 

In  the  "  difference  method, "  we  have  no  need  of  ascertaining 
the  time  of  occurrence  at  the  origin  of  disturbance;  the  inaccuracy 
about  the  position  of  the  epicentre  being  also  avoided  in  a  great 
measure,  provided  those  stations  which  are  taken  for  combination 
lie  on  one  and  the  same  great  circle  passing  through  the  epicentre, 
on  one  side  of  which  they  are  all  situated. 

The  velocities  corresponding  to  the  commencement  of  the 
different  phases  of  the  earthquake  motion  will  be  denoted  in  sub- 
sequent Articles  by  the  same  symbols  as  in  my  former  papers,* 
namely,  as  follows :  — 

r  Velocity  of  the  1st  preliminary  tremor; 

*•*   tt  2nd       „  „  ; 

v3   ,,  1st  phase.  Principal  Portion 

r*   2nd  „ 

p»   i?  n 

l'c   m  4th     .,  ,, 

<"r   tt  ^  •< 


t\   „  0th 


•  The  -  Publications,"  No*  5  nn<J  13. 
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Preliminary  Note  on  the  Cause  of  the  San  Francisco 
Earthquake  of  April  18,  1906. 

F.  Omori  Sc.  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

1.  Introduction.  T|1C  g,Vat  earthquake  of  April  18,  PJOC, 
which  caused  an  enormous  amount  of  damage  in  San  Francisco, 
furnished  a  rare  opportunity  of  studying  the  different  earthquake 
phenomena,  especially  the  seismic  effects  on  various  modern 
structures.  Immediately  upon  the  receipt  of  the  news  of  the 
catastrophe,  the  Imperial  Government  resolved  to  dispatcli  to 
California  Professors  T.  Nakamura  and  T.  Sano,  and  myself,  for 
the  purpose  of  making  investigations  on  the  great  seismic 
disturbance,  each  according  to  his  professional  point  of  view. 
The  party  departed  from  Tokyo  on  May  1st,  and  arrived  at  San 
Francisco  on  the  18th  of  the  same  month,  the  present  writer 
remaining  about  80  days  in  California. 

My  special  thanks  are  due  to  Professor  George  Davidson, 
and  also  to  Professors  Lawson  and  Leuschner  of  the  University 
of  California,  Dr.  Gilbert,  of  the  U.  S.  Geological  Survey,  Mr.  K. 
Uyeno.  Japanese  Consul,  and  other  American  and  Japanese 
gentlemen,  with  whom  I  came  in  contact  and  who  gave  me  most 
cordial  assistance  during  my  stay  in  California. 

2.  Thne  of  Occurrence.  The  times  of  earthquake  occurrence 
observed  at  the  Berkeley  University  and  the  Lick  Observatory  were 
respectively  5*  12"  39"  and  5*  12"  12'  A.M.  (Western  States  Time, 
or  that  of  longitude  120°  \V  );  the  time  of  commencement  of  the 


Digitized  by  Google 


s 


K.  Ouiori : 


disturbance  at  the  origin  itself  being  probably  about  5*  12"  A.M. 

3.  Area  of  Destructive  Motion.  The  area,  within  which 
more  or  less  damage  was  done,  was  very  long,  extending  over  a 
distance  of  .">0  miles  along  the  Pacific  coast,  from  the  vicinity  of 
Salinas  on  the  south  to  the  vicinity  of  Eureka  on  the  north.  The 
width  or  the  extent  from  the  coast  of  the  strong  motion  area  is 
probably  some  50  miles.  The  earthquake  of  April  18th  was 
thus  greater,  in  length,  than  the  large  Japan  earthquake  of  181)1. 
the  length  of  whose  area  of  strong  motion  was  about  4<K)  miles. 
The  intensity  of  motion  in  the  San  Francisco  earthquake  was, 
however,  less  violent  than  in  the  other,  and  the  amount  of  the 
casualties  in  San  Francisco  and  the  different  parts  of  the  strongly 
shaken  zone  was  small  comparatively. 

i.  Sea  Ware*.  When  an  earthquake  of  inland  origin  is  large 
and  violent,  the  waters  of  ponds,  rivers  or  lakes  are  more  or  less 
disturbed.  So  similarly  a  great  submarine  earthquake  is  often 
followed  by  tidal  waves;  the  time  interval  between  the  occurrence 
of  the  earthquake  shock  and  the  arrival  of  the  destructive  sea  waves 
varies  from  a  few  minutes  to  several  hours,  and  depends  on  the 
distance  of  the  origin  from  the  shore.  Tidal  waves  which  are  not 
to  be  noticed  on  high  seas  arc  developed  most  markedly  in  bays 
with  shallow  waters  and  an  open  mouth,  but  are  quite  insignificant 
along  deep-water  straight  coasts.  Many  of  the  great  earthquakes 
originating  off  the  Pacific  coast  of  Alaska  and  Central  and  South 
America  have  been  accompanied  by  large  tidal  waves.  Put 
fortunately,  this  phenomenon  which  sometimes  causes  more 
damage  than  the  earthquake  disturbance  itself  was  so  far  not  very 
destructive  along  the  coast  of  the  United  States.  The  great 
earthquake  of  April  18th  last  produced  distinct,  but  very  small 
disturbances  of  the  bay  waters  which  were  clearly  recorded  on  the 
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tide  gauge  at  the  Presidio  (San  Francisco);  the  amount  of  the  rise 
and  fall  of  the  sea  water  being  only  ahout  0  inches,  repeated  in 
about  -10  minutes.  Now  the  wave  period  or  periods  at  a  place 
on  a  given  coast  remain  constant  in  all  the  tidal  waves,  irrespective 
of  the  origin  or  cause ;  a  destructive  tidal  wave  consisting  simply 
in  the  increase  of  the  amount  of  the  water  motion  existing  more 
or  less  at  all  times,  in  consequence  of  a  strong  submarine  earth- 
quake or  eruption,  a  storm,  or  some  other  agency.  A  seismic 
tidal  wave  is  caused  by  the  movements  communicated  from  the 
sea  bottom  to  the  superincumbent  water  mass:  a  very  big  water 
disturbance  taking  place  when  the  earthquake  focus  is  at  the  sea 
bottom  itself  or  at  a  very  small  depth  below  it,  accompanied  by 
some  changes  in  the  contour  of  the  sea  bottom.  The  absence  of 
am*  great  tidal  disturbance  on  April  lstli  shows  that  there  was  no 
great,  submarine  depression  or  vertieal  disloeation,  although  it 
seems  probable  that  the  northern  half  of  the  epifoeal  zone  was 
under  the  Pacific. 

5.  Sea  Shock.  The  steamer  'Argo"  felt  the  earthquake 
shock  on  sea  near  Cape  Mendocino,  the  sensation  being  like  that- 
caused  by  running  aground.  There  were  other  vessels  which 
experienced  the  earthquake  in  a  similar  manner. 

Effects  like  these,  which  may  be  called  ,;  sea-shocks,"  are  due 
to  the  direct  transmission  through  water  of  vibratory  earthquake 
movements,  and  not  due  to  the  phenomena  of  the  tidal  waves 
which  are  developed  only  along  coasts  where  there  is  some 
indentation. 

«.    Approximate  Vanition  of  the  Centre,  of  Kpifoeal  Zone. 

A  rowjh  idea  as  to  the  position  of  the  most  central  or  principal 
point  in  the  zone,  which  forms  the  origin  of  the  earthquake,  may 
be  obtained  from  a  good  seismograph  record  taken  at  the  Lick 
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Observatory,  whore  the  preliminary  tremor  lasted  about.  10  or  12 
seconds,  from  which  it  may  be  calculated  that  the  distance  between 
the  point  in  question  and  Mt.  Hamilton  was  about  80  or  DO  miles; 
the  predominating  direction  of  motion  there  being  NXW  and  SSE. 
These  data  indicate  a  phice  near  the  Tonviles  Bay  as  the  most 
central  point  of  the  disturbance.  The  approximate  position  of 
the  latter  may  be  assumed  to  be  at  a  point,  latitude  :>s°I5'N, 
longitude  123°\V. 

7.  The  trifocal  Zone.  One  of  the  peculiar  features  in  the 
topography  of  the  State  of  California  U  a  straight  depression 
whose  direction  is  NXW  and  SSK  and  which  extends  through 
the  valley  of  the  Gnalala  River,  and  Tomalc?  and  Bolinas  Bays, 
continued  further  south-eastwards  for  some  distance.  This 
depression,  which  must  have  been  formed  in  bygone  ages 
by  a  great  sudden  convulsion  of  the  earth's  crust,  or  by  the 
gradual  mountain-making  force  going  along  the  Pacific  Coast, 
shows  signs  of  dislocations  caused  at  no  very  remote  epoch 
by  some  great  earthquake**,  and  it  is  of  a  special  interest  that 
the  earthquake  of  April  18th  again  produced  along  the  same  old 
weak  zone  a  continuous  series  of  remarkable  surface  manifestations 
of  cracks,  depression,  or  horizontal  slipping,  constituting  what  is 
called  a  "fault"  in  geology.  This  fault  which  has  been  most 
carefully  studied  by  l  >r.  Gilbert  of  the  C.  S.  Geological  Survey, 
Professors  Lawson  and  Branner,  and  other  able  geologists  of  the 
Berkeley  and  Stanford  Universities,  begins  on  the  north  at  the 
right-hand  mouth  of  the  Alder  Creek,  near  Pt.  Arena,  and.  passes 
into  the  ocean  at  the  vicinity  of  Fort  Boss:  it  again  appears  at  the 
Bodega  Head  and  at  the  eastern  side  of  the  mouth  of  Tomales  Bay, 
crosses  to  Inverness  on  the  west  shore  «>f  the  same  bay.  and  then 
passes  through  the  vicinity  of  Pt.  Bey*  -  Station,  continued  to  a 
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place  about  4  miles  to  the  west  of  the  Stanford  University;  marked 
disturbances  of  the  ground  being  also  distinctly  shown  to  the  south- 
east, in  the  vicinity  of  Wright  and  Chittenden.  The  length  of  the 
visible  fault  is  thus  over  150  miles,  being  three  times  that  of  the 
fault  line  in  the  great  Japan  earthquake  of  1801.  It.  is,  further, 
extremely  probable  that  the  north-western  part  of  the  present  fault 
is  continued  beyond  Pt.  Arena  under  the  Ocean  some  1'20  miles 
more  and  extends  to  the  vicinity  of  Cape  Fortuna.  That  the  fault 
was  not  a  mere  surface  phenomenon  is  shown  by  the  appearance 
of  the  same  disturbance  across  the  tunnel  near  Wright  Station,  at 
a  depth  of  some  700  feet  below  the  mountain  surface.  See  fig.  1 
(PI.  I)  and  fig. 2  (PI.  II). 

8.  Shear  of  the  Ground.  The  shearing  movement  of  the 
ground  produced  many  remarkable  results;  roads,  fences,  and 
ever}'  other  thing  crossed  by  the  line  of  disturbance  being  cut 
apart  and  displaced  considerably.  There  were  cases,  in  which  even 
large  redwood  trees  were  split  by  the  shearing  motion  of  the  ground. 

Figure  4 
relates  to  the 
shear  effect 
observed  near 
Olima,  a 
village  situat- 
ed between 
the  Tomales 
and  Polinas 
Pays.  The 
fault  passed 
just  in  front 
of     a  house 


Shear  (Fault  JLLn 
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House. 
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(Skinner's  Ranch)  and  produced  a  relative  displacement  of  1G  feet, 
a  girden  walk  being  carried  through  that  distance  from  a  to  b. 

Fig.  1 1  (PI.  Ill)  shows  the  shearing  effects  on  a  pier  at  Inver- 
ness, on  the  west  coast  of  the  Tomales  Bay.  The  end  part  of 
the  pier  was  separated  from  the  rest  and  was  displaced  about  20 
feet  towards  NNW.  The  direction  of  displacement  in  this  particu- 
lar instance  was  opposite  to  the  general  direction  of  the  relative1 
slip  along  the  great  fault  line. 

Fig.  12  (PL  III)  shows  one  of  the  fault  cracks  produced 
among  the  hills  above  Fort  Ross.  It  will  be  observed  that  the 
new  disturbances  appeared  along  a  depression  marked  by  a  scries 
of  small  ponds  (shown  at  the  right-hand  side  of  the  picture),  these 
latter  being  traces  left  by  a  former  great  earthquake. 

Fig.  13  shows  the  remarkable  compression  and  shear  effects 
along  one  of  tin;  parallel  fault  cracks,  observed  on  elevated  grounds 
near  the  town  of  Manchester,  not  far  from  Ft.  Arena.  A  foot- 
scale  placed  in  the  foreground  will  show  the  size  of  the  over- 
lapping earth  pieces,  whose  plan  is  given  in  fig  8. 

O.  MletnarliH  on  Shearina  Movement*.  For  the  sake  of 
illustration,  let  us  fir.>t  consider  cracks  of  a  wall  when  the  earth- 
quake motion  is  parallel  to  the  latter. 

Let  a  b  c  d  (rig. 
5)  be  a  wall  whose 
bottom  side  a  b  is 
fixed,  either  abso- 
lutely or  relatively, 
while  the  upper  side 

c  d  is  brought  to  the 

Fhj.  r>  ...        -  ir  .i 

position  c  d   as  the 

result  of  a  shearing  stress  in  the  direction  of  a  to       Then  the  rate 
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of  the  length  change  of  the  line  <'<;,  connecting  a  with  any  point  c 

on  the  side  ol,  will  be  greatest  when  the  angle  tl.te  is  equal  to  45°. 

Consequently  there  will  be  formed  a  series  of  cracks  at  right 

angles  to  the  lines  of  greatest  elongation  and  at  an  angle  of  45°  to 

the  base  a  b. 

Thus,  in  the  case  of  a 

strong    horizontal  motion 

parallel   to    the    plane  of 

the    wall,    there    will  be 

two  sets  of  cracks  at  right 

angles  to  one  another,  as 

in  Fig.  6. 

Fig.  0. 

Fig.  14  (PI.  IV)  illustrates  some  of  the 
cracks  of  plastered  walls  observed  in  St.  James 
Hotel,  San  Jose. 

Secondary  Cracks  o  f  the  Ground.  Along  the 
fault  line  the  ground  was,  as  in  other  cases, 
very  often  bulged  up,  forming  a  narrow  zone 
of  1  or  2  feet  'elevation  and  some  5  or  10  feet 
width  as  if  raised  up  by  a  gigantic  mole 
creeping  underground.  This  sort  of  ridge, 
whose  formation  was  due  to  the  shearing 
action,  combined  with  a  compression  along 
the  line  of  dislocation,  showed  usually  a  series 
of  secondary  oblique  cracks,  as  is  diagrama- 
tically  indicated  in  Fig.  7.  These  ground 
cracks  were  perfectly  similar  to  the  shear 
cracks  of  walls  considered  above. 

Figs.    8,    <J    and    10,    show    parts  of 


Fig.  7. 


All  Fault  Zone. 

CD  Shear  Cracks. 
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the  fault  lines 
found  near  the 
town  of  Man- 
chester, not  far 
from  Pt.  Arena; 
the  dotted  lines 
in  each  figure 
indicating  the 
directions  of  the 
secondary  shear 
cracks.  Fig.  8  is 
the  plan  of  the 
remarkable  dis- 
turbances shown 
in  Fig.  13.  In 
Figs.  0  and  10, 
the  angle 
between  the 
main  fault  line 
and  the  shear 
cracks  varied 
between  44°  and 
47J.  In  Fig.  8 
however,  there 
was  evidently  a 
very  strong  com- 
pression, and 
the  shear  angle 
was  smaller, 
namely.  42\ 
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I  have  measured  the  shear  angle  in  11  other  eases,  where  it 

varied  between  oV  and 
47°;  the  total  average 
value  being  40°. 

If  the  shear  be  ac- 


N34'W 


coinpanied  by  a  horizon- 
tal compression  at  right 
angles  to  the  fault  line, 
the  angle  between  the 
latter  and  the  shear 
cracks  will  be  smaller 
than  4.V,  as  suggested 
by  Professor  A.  Inokuty, 
of  the  Engineering 
College,  Tokyo  Imperial 
Univernty.  The  co- 
existence of  a  tension 
normal  to  the  fault  plane 
will,  on  the  other  hand, 
make  the  same  angle 
greater  than  453. 

lO.  Cotitpariaon 
teith  the  Jb"ormo*a 
Mirthquake  of  March 
17th,  i  goo.  The  local 
but  very  severe  earth- 
quake in  the  Kagi 
Prefecture,  Formosa,  on 
March  17,  190G,  produced  also  remarkable  surface  dislocations,  in 
which   the  vertical   depression   and    tho  horizontal  shear  each 
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N37*W 


NIO'E 


amounted  to  about  8  feet.  The  angle  between  the  direction  of  the 
main  fault  and  that  of  the  shear  cracks  was  on  the  average  4o\ 

11.  Landslip*  etc.  In  the  meizoseismal  area,  there  were 
great  many  eases  of  mountain  slides.  The  most  remarkable 
among  these  was  that  which  occurred  near  Cape  Fortuna  (False 

Cape),  where  an  enormous 
quantity  of  debris  was  detach- 
ed from  a  mountain  side  and 
was  pushed  into  the  Ocean, 
creating  a  new  promontary  of 
about  3/4  mile  length. 

At  Moss  Landing,  near 
Salinas,  there  were  great 
horizontal  disturbances  of  the 
sandy  ground;  tin*  office  of 
the  station  agent  being  dis- 
placed about  15  feet  relative 
to  the  adjoining  fence. 
{310'VV    /  V)  12.    Direction  of  Motion 

in   San    Francisco.    Fig-  19 
(1*1.  VII)  shows  the  directions 
lowards  which  520  monuments 
S37°E  at  the  different  cemeteries  in 

&in  Francisco  and  the  vicinity 
were  overturned  by  the  earthquake  shock.  It  will  be  observed  that 
the  greatest  number  of  the  monuments  were  overturned  towards 
the  east  or  east  slightly  north.  The  mean  direction  of  overturning 
is  N7C°E,  which  may  be  regarded  as  the  direction  loinml  which 
the  greatest  horizontal  displacement  took  place.* 


Fig.  10. 


See  th«>  -  1'ul.liwtionB,-  No.  4. 
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13.  Relation  to  the  Great  Fault  of  the  Direction*  of 
Motion  at  the  neighbouring  place*.  Tin-  approximate  directions 
of  the  principal  or  strongest  motion  at  the  different  places  on  or 
near  the  fault,  each  determined  from  numerous  overturned 
bodies,  were  as  follows:  — 


San  Francisco   

N7C°K. 

k_  till  J  OSO       *  •  •       .-.       ...       •  ■  i       ...       ...  ... 

N81°E. 

iL-'  liitt-C'iidoii...     .  *  *     ...     ...     ...     .<*  •■• 

N388E. 

Watson  ville   

NE. 

Santa  Rosa    

X. 

X 

Pt.  Reyes  Station(East  side  of  Fault) 

s. 

Pt.  Arena   

xxw. 

Inverness   

xw. 

Pt.  Reyes  Station  (West  side  of  Fault)  ... 

wwx. 

"\\  n^lit       •••    ■  ■ .    ...    ...    ...    ...  ... 

X. 

The  mean  general  direction  of  the  fault  is  X  o7=  W — SI570  E, 
this  being  exactly  identical  with  the  direction  of  the  great  depres- 
sion zone  before  mentioned.  The  places  in  Group  A  are  situated 
on  the  eastern  side  of  the  fault  line,  while  those  in  Group  V>  are 
situated  on  the  western  side.  It  will  thus  be  observed  that,  at  the 
A  Group  places  the  direction  of  motion  was  mostly  towards  North, 
Xorth-East,  or  North-East  by  East;  while  at  the  H  Group  places, 
the  direction  was  toward  North-West,  North,  or  North- West  by 
West.  Thus,  on  the  whole,  the  motion  on  each  side  of  the  fault- 
line  had  a  tendency  to  diverge,  or  to  be  directed  away,  from  the 
latter.  This  can  be  explained  on  the  supposition  of  a  subterranean 
collapse,  or  settling  down,  which  would  produce  an  initial  inward 
motion,  to  be  followed  by  the  second  and  larger  outward  displace- 
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ment.  Further,  the  directions  of  motion  at  the  different  places 
were  mostly  northward,  and  not  southward.  This  would  mean 
that  the  whole  nn-izoseismal  zone  was  first  pushed  towards  SSE, 
the  second  or  counter  motion,  which  was  greater,  being  conse- 
quently directed  toward  NNW.  I  presume  therefore  that  the 
action,  which  caused  the  great  earthquake  of  April  18th,  was  a 
sudden  movement  towards  South-East  hy  South  of  the  earth's 
crust  at  the  west  coast  of  California,  accompanied  hy  some  down- 
ward thrust.  In  this  connection  it  is  extremely  interesting  to 
note  that  Mount  Tamalpais  on  the  north  shore  of  the  Golden  Gate 
has  heen  ascertained,  from  the  trigonometrical  measurements,  to 
have  moved,  hetwt.cn  18ol  and  1882.  5.<>  feet  towards  X  12°\Y, 
indicating  that  the  earth's  crust  at  this  part  of  America  was  being 
strained  toward  the  same  direction.  The  ground  on  the  eastern 
side  of  the  fault  line  was  generally  displaced  toward  SSE  relative 
to  the  ground  on  the  other  side;  the  amount  of  the  horizontal  slip 
was  maximum  at  places  between  Pt.  Arena  and  Ft.  Reyes  Station 
and  varied  from  10  ft.  to  20  ft.;  the  amount  of  displacement 
decreasing  to  about  8  ft.  at  Woodsidc,  near  Stanford  I"  Diversity, 
and  to  about  4  ft.  in  the  vicinity  of  Wright.  From  the  uniformity 
of  northward  direction  of  motion  it  is  probable  that  both  sides  of 
the  fault  line  were  displaced  toward  NNW,  but  the  west  side  was 
moved  more  than  the  east  side,  the  amount  of  the  horizontal  slip, 
or  shear,  above  mentioned  being  merely  relative  or  differential. 
In  the  majority  of  cases  the  eastern  side  was  depressed,  the 
maximum  amount  being  2  ft. 

n.  From  the  comparatively  very  small  number  of  after- 
shocks. I  am  inclined  to  suppose  that  the  main  source  of  the 
earthquake  was  situated  some  considerable  depth  below  the 
surface.    In  fact  the  earthquake  seems  to  have  been  caused  by  a 
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Vig.  11.  The  glx-Arinjj  cffcc'H  ,>m  a  j.n-r  at  Inv.ni"<-.  "ii  i'i--  \%v-f  oust  uf  tin1  T<>ui:dcg 
Hay.    The  end  pnrt  of  the  j  i.-r  was  ihsj.hiced  ulxiut  •_'<>  feet  towards  SNW. 


Fig.  H.  hVmirkaMc  CMirpreminn  and  shear  effect*  :i!..nir  OQtj  ftf  I  In1  futl!t  cracks, 
|  roduc«-d  on  elcvat>'<l  ground*  n"*:ir  I't.  Arena  A  foot-node  pi  ic*»*'l  in  the  inrci;roun'l  bli"«s 
the  si/**  oi  the  overlapping  eitrth  piece*,  whose  plan  in  given  in  tig.  8. 
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Fig.  12.  One  of  the  fault  emcks  prr-dueed  nn'oni:  the  hill*  above  Fort  Kosa.  The  now 
disturbances  appeared  along  a  depression  marked  hy  a  cones  of  nMll  ponds  (shown  at  the 
ri^ht-hond  tide  of  the  picture),  which  are  truces  left  l>y  a  former  earthquake. 


Fiff.    14.    Some  i  f  the  cracks  of  plastered  walls,  in  St.  .lames  Hotel.  San  Joae. 
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Fiir.  15.  Tic  damaged  condition  of  the  newly  erected  Library  of  tbe  Stanford  UniTsr- 
aitv.    The  central  steel  dome  behaved  an  an  elastic  inverted  p>ndulum. 


Fiff.  10.  The  milled  condition  cf  n  steel-fr.imed  '  rick  h<  OW  in  San  Francisco,  which 
was  dynamited  and  then  t  urnt.  showing  the  remarkal  le  effectaof  the  interne  beat. 
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Fitf.  18.  One  of  the  cnicks  of  the  buement  wall.  The  stool  cable,  one  inch  in  diameter, 
which  was  embedded  in  the  coucnte,  was  broken. 
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disturbance  which  took  place  along  the  old  weak  line  but  extend- 
ed deeper  into  the  earth's  crust.  The  great  depth  of  the  main 
source  of  disturbance  also  explains  why  the  intensity  of  motion 
was  comparatively  not  very  violent,  and  also  why  some  places 
such  as  Santa  Rosa,  San  Jose  and  Ferndale,  not  directly  on  the 
fault  zone,  were  also  badly  shaken. 

IS.  Earthquake  I>ataafje.  This  earthquake  enabled  US,  for 
the  first  time,  to  study  the  effects  of  the  shocks  on  steel-brick  and 
reinforced  concrete  buildings;  there  being  also  numerous  other 
damaged  structures,  such  as  ordinary  brick,  stone  and  wooden 
houses,  bridges,  water-pipes,  etc.  In  San  Francisco,  the  earth- 
quake was  followed  by  iires.  which  broke  out  from  several  place*, 
continued  for  three  days,  and  entirely  destroyed  the  principal 
business  quarters  of  the  city.  The  total  area  of  the  burnt  districts 
was  4.1  square  miles,  which  is  equivalent  to  0  times  the  area 
of  the  great  London  tire  of  1000.  The  amount  of  casualties 
was,  however,  comparatively  small,  the  <tsct'rt:tined  number  of 
persons  killed  being  about  800.  The  total  number  of  the  killed 
in  the  whole  earthquake  area  was  probably  not  more  than  1000, 
the  loss  of  life  in  Santa  Kosa.  Stanford  University,  and  other 
strongly  shaken  places  being  slight.  In  San  Francisco,  serious 
damage  was  confined  to  the  filled-up  grounds,  where  the 
motion  was  not  so  strong  as  in  the  cities  of  Xagoya  (max.  ac- 
celeration —  2600  mm.  per  sec.  per  sec),  Fukui  (max.  acceleration 
=  2o00  mm.  per  sec.  per  sec),  etc.,  on  the  occasion  of  the  great 
Mino-Owari  Earthquake  of  1801.  The  double  amplitude  of 
motion  in  San  Francisco  was  probably  some  1  inches,  and  the 
complete  period  of  vibration  about  1  second. 

Fig.  15  shows  the  damaged  condition  of  the  newly  erected 
Library  of  the  Stanford  University.     The  central  steel  dome, 
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which  is  virtually  an  elastic  inverted  pendulum,  evidently  much 
vibrated,  thereby  causing  destruction  to  loosely  connected  brick 
and  stone  parts  of  the  building.  The  mortar  used  for  cementing 
the  masonry  walls  was  of  an  exceptionally  bad  quality. 

The  damage  to  the  City  Hall  of  San  Francisco  was  also 
principally  due  to  the  same  two  circumstances,  namely,  the  vibra- 
tion of  its  high  steel  tower,  and  the  bad  quality  of  mortar. 

Fig.  16  (PI.  V)  shows  the  ruined  condition  of  a  steel-framed 
brick  house  in  San  Francisco,  which  was  dynamited  and  then 
burnt.  The  effects  of  the  intense  heat  is  remarkable,  the  steel 
frames  being  distorted  in  every  possible  form  as  if  they  had 
been  formed  of  a  soft  maleable  metal. 

Fig.  17  (PI.  VI)  gives  an  outside  view  of  the  back  part  of 
the  Observatory  on  the  top  of  the  Strawberry  Hill,  in  the  Golden 
Gate  Park,  San  Francisco.  This  building  is  of  reinforced  concrete 
and  furnishes  a  good  demonstration  of  the  strength  of  such 
structures.  The  Observatory  was  indeed  seriously  damaged  and 
its  front  portion  fell  down  to  the  ground,  but  this  was  on  account 
of  the  weakness  of  the  foundation  ground  which  was  mostly 
a  fdled-up  one  and  was  considerably  cracked  and  depressed. 
Fig.  IS  shows,  in  a  larger  scale,  one  of  the  cracks  of  the  basement 
wall,  similar  to  that  shown  in  Fig.  17.  The  steel  cable,  one  inch 
in  diameter,  which  was  embedded  in  the  concrete,  was  broken. 
The  use  of  steel  cables  in  concrete  walls  thus  seems  to  be  objec- 
tionable, as  they  are  more  liable  to  rusting  than  solid  steel  bars. 
None  of  the  latter  used  in  the  concrete  walls  and  floor  of  the 
Observatory,  whose  section  was  half  inch  square,  was  found 
broken  ;  the  adhesion  of  concrete  and  steel  being  also  very  good. 

10.    Recent  Seinmic  Activity.    Recently  there  have  been  a 
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Fig.  19.   Diagram  showing  the  overturning  directions  of  620 
Monuments  in  8an  Francisco  and  the  Vicinity. 

[Bach  small  cross  (X )  indicates  a  monument  overthrown  in 
the  direction  of  the  radius  on  which  it  lies.] 


AT 


N',  B',  8',  W,  indicate  the  4  magnetic  cardinal  directions. 
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number  of  great  earthquakes  in  different  parts  of  the  world, 
especially  along  the  following  two  zones  :  — 

(A)  .    The  Pacific  coast  of  North  and  South  America. 

(B)  .    Himalayas  and  North  Mediterranean  zone. 

Next  two  give  a  short  account  of  the  earthquakes  belonging  to 
these  two  zones. 

ir.    M-ktrthqitake*   along   the    ll>«#   Count   of  North  and 

South  America.  Within  the  7  years  preceding  the  San  Francisco 
earthquake  of  April  IS,  11)06,  there  were,  along  the  Pacific  coast 
of  the  American  continents,  seven  great  earthquakes,  on  the  dates 
as  follows  :  — 

(i)  Sept.  4  and  11,  181)1)  ;  and  Oct.  1),  1000. 

(ii)  Jan.  20,  10(H)  ;  and  April  10  and  Sept.  23,  1002. 

(iii)  Jan.  31,  10(10. 

Of  the  above  7  earthquake*,  the  three  of  group  (i)  took  place 
off  the  south-west  coast  of  Alaska,  two  of  them  being  accompanied 
by  great  tidal  waves.  The  three  earthquakes  of  the  group  (ii) 
strongly  shook  Mexico  and  Guatemala  (Central  America);  while 
the  earthquake  of  group  (iii),  which  was  accompanied  by  tidal 
disturbances,  caused  considerable  damage  in  Panama,  and  the 
west  coast  of  Columbia  and  Kquador.  The  approximate  positions 
of  these  three  groups  of  earthquakes  are  marked  in  Fig.  20 
by  dotted  lines,  J,  2,  and  -i. 

As  the  west  coast  of  the  American  continents  is  one  of  the 
great  seismic  zones  on  the  earth,  it  is  to  be  supposed  that  the  7 
destructive  earthquakes  above  enumerated  were  not  separate  or 
local  phenomena,  but  were  the  results  of  great  stresses  going  on 
along  the  Pacific  coast  zone  extending  from  Alaska  to  South 
America,  manifested  at  its  north  and  middle  parts.  Hence  an 
event  most  naturally  to  be  expected  would  have  been  the  extcn- 
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sion  of  tlie  seis- 
mic disturbance 
to  the  west  coast 
of  the  United 
State*,  which  so 
far  had  heen 
free  from  tho 
visitation  of  dis- 
astrous earth- 
quakes. Now 
this  apprehend- 
ed event  has 
finally  taken 
place  on  April 
S  of  this  year, 
the  approximate 
position  of  the 
origin  being  in- 
dicated in  Fig. 
20  hy  a  thick 
Fig.    HO.  line  marked  4-. 

The  great  San  Francisco  earthquake  may  therefore  lie  regarded 
as  having  completed  the  continuity  of  the  seismic  activity  along 
these  districts,  which  latter  thus  hecome.  for  a  certain  number  of 
years,  say  20  or  30  years,  seismically  a  very  safe  place;  Imje 
earthquakes,  which  remove  a  great  mutability  in  the  earth's  crust, 
never  happening  successively  at  one  and  the  same  place. 

During  my  recent  stay  in  San  Francisco  1  explained  on 
several  occasions  reasonings  like  the  above  to  newspaper  reporters 
and  others,  also  pointing  out  that  even  in  the  case  of  a  future 
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destructive  earthquake,  the  intensity  of  motion  would  not  be  ex- 
tremely violent,  so  that  a  slight  amount  of  precaution  taken  in 
building  houses  would  ensure  an  almost  perfect  immunity  from 
earthquake  shocks.  As  to  the  probable  position  of  the  next  great 
shock  on  the  Pacific  side  of  America,  I  expressed  my  view  that  it 
would  be  to  the  south  of  the  equator  (that  is  to  say,  Chile  and 
Peru),*  as  it  was  very  likely  that  the  seismic  activity  would  extend 
to  either  end  along  the  great  zone  in  question,  and  as  the  coast  of 
the  countries  above  named  are  often  visited  by  strong  earth  con- 
vulsions. I  departed  on  Aug.  1  from  San  Francisco  for  home, 
and  arrived  on  the  22nd  of  the  same  month  at  Yokohama,  first 
there  learning  of  the  disastrous  shock  of  Valparaiso,  which  confirm- 
ed my  anticipation.  The  approximate  position  <»f  the  origin  of  this 
last  earthquake,  which  took  place  on  Aug.  17  (I'.MHi)  is  indicated 
in  Fig.  2<>  by  ;i  thick  line  marked 

The  great  stresses  going  on  along  the  whole  Pacific  coast  of 
America,  which  thus  resulted  in  the  occurrence  of  a  scries  of  great 
earthquakes,  seems  to  be  connected  with  the  growth  of  the  Rocky 
and  Andes  mountain  ranges;  the  Valparaiso  earthquake  bringing 
probably  the  <jr>-m  seismic  activity  along  the  zone  under  con- 
sideration for  the  time  to  an  end. 

IH.  Activity  along  the  Himalaya*  and  North  Mediterrane- 
an Zone.  With  regard  to  the  seismic  activity  in  Asia  and  Europe, 
it  is  to  be  noted  that  the  unusually  severe  eruptions  of  the  Vesuvius, 
which  began  on  about  April  7th  this  year,  la-ted  about  one  week, 
and  ended  on  the  13th  of  the  same  month.  On  the  following 
day,  namely,  April  11  (WOO)  there  took  place  the  destructive 
earthquake  of  Kagi  District  (Formosa),  in  which  1240  persons 
were  killed.    Four  days  later  on  there  took  place  the  great  San 

•  This  is  what  I  [iiihlithcil  iu  the  ><iu  l-'r.iifit,;>  /.W.  fm  of  Jtcu-  13. 


Digitized  by  Google 


24 


F.  Oiuori : 


Francisco  earthquake.  Whether  there  existed  or  not  a  connec- 
tion between  the  Vesuvian  eruption  and  these  earthquakes,  it  is  a 
matter  of  fact  that  there  was  a  great  seismic  activity  along  the 
whole  length  of  the  zone  extending  from  the  north  coast  of  the 
Mediterranean  to  the  Himalayas,  and  possibly  to  Formosa.  The 
different  earthquakes  belonging  to  the  scone  in  question,  which 
happened  recently,  are  as  follows  : — 

(i)  Assam  and  Bengal.  (India),  June  12,  181)7. 

(ii)  Aidin  (Smyrna).  Sept.  20,  1800. 

(iii)  Schemacha  (Caucasus),  Feb.  ].*$.  1902. 

(iv)  Kadmgar  (Turkestan),  Aug.  22.  11)02. 

(v)  Saloniki  (Macedonia),  April  4,  1004. 

(vi)  Kngi  (Formosa),  April  24,  1004. 

(vii)  (     ,,     ),  Nov.  0,  1004. 

(viii)  Kangra  Valley  (the  Punjab,  India).  April  4.  100."). 

(ix)  Calabria  (Italy),  Sept.  8,  10Of>. 

(x)  Kagi  (Formosa),  March  17,  1000. 

(xi)  Kagi(     .,      ).  April  14,  1000. 

Thus  great  earthquakes  took  place  at  the  different  parts 
of  the  zone  stretching  through  Italy,  Macedonia,  Asia  Minor, 
Caucasus.  Turkestan,  the  outer  side  of  the  Himalayas,  and  For- 
mosa; this  proving  that  the  underground  stresses  were  grow- 
ing along  the  whole  zone.  As  the  seismic  disturbances  above 
enumerated  occurred  in  the  same  epoch  as  those  belonging  to  the 
American  zone,  it  is  extremely  likely  that  underground  stresses 
reached  a  maximum  all  over  the  earth,  resulting  in  a  marked 
display  of  seismic  disturbances  along  certain  zones  of  weakness. 

19.  <o,>rl union.  Future  studies  in  various  phenomena  con- 
nected wilh  the  movements  of  the  earth's  crust  might  perhaps 
tend  to  advance  our  knowledge  respecting  the  problem  of  the 
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prediction  of  groat  earthquakes,  which  are  often  preceded  by  what 
may  be  called  "fore-shocks."  In  the  meanwhile,  and  always,  it 
will  be  necessary  to  build  houses  and  other  structures  strong 
enough  to  resist  earthquake  shocks,  a  problem  which  presents  no 
great  difficulties. 

Tokyo,  Nov.  1,  1000. 
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Preliminary  Note  on  the  Seismographic  Observations  of  the 
San  Francisco  Earthquake  of  April  18,  1906/'' 

By 

F.  Omori,  Sc.  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

1.  In  response  to  my  circular  asking  for  a  copy  of  the  seismo- 
graphic or  magnetographie  records  of  the  San  Franeiseo  earth- 
quake of  April  IS,  photographic  or  printed  reproductions  of 
the  diagrams  have  been  sent  in  from  the  following  :)."»  stations  :  — 
Lick  Obsrrratory  :  Wushinyton,  D.C.;  Cheltenham;  Tucubavn  (Mexico); 
Victoria,  B.C.;  Toronto  ;  Honolulu  ;  Mimsaum  ;  Osaka  ;  Kobe  :  Tadolsu  ; 
Taihoku  (Formosa):  I'aixley;  Kdinburyh  ;  Kew  ;  Shidc  (Isle  of  Wight); 
Strassbury  ;  Tola;  Quarto  Castello,  (Jwrce  and  Xinuniauo  (Florence); 
Cumim it'ciola  and  l'orlo  d'  fsehia,  in  the  Island  of  Ischia;  Sun  Fernanio; 
Tashkent  ;  Cairo  ;  Koiaik  inul  (Madras)  ;  Calcutta  ;  Dehra  Dun:  Bataria; 
}[,tnila  ;  Zikiwei  (Shanghai);  Wellington  and  Christchurch  (Now  Zea- 
land); Hio  de  Janeiro.  I  take  this  opportunity  of  expressing  my 
thanks  to  the  seismologists  in  charge  of  these  observatories  for 
having  so  kindly  -applied  me  with  the  results  of  their  observa- 
tions. 

Table  1  give--  a  list,  of  the  latitude,  longitude,  epieentral  dis- 
tance, and  the  time  of  occurrence  of  the  1st  preliminary  tremor 
for  Tokvo,  and  for  each  of  the  .'•>.")  above-mentioned  stations,  as 
well  as  31  other  places,  namely  : — Berkeley;  l.'kiah  (California); 
Baltimore:  Baldwin  (Kansas);  Ottawa;  liejues  (Porto  Biro);  Sitka 
(Alaska);   Beryeu  (Norway);   Hambnry;  Gottiny-'ii;  lltidtlbcry;  Jem; 

•  A  note  on  the  Tokyo  observation  of  the  San  Fr.m.  lsw  furthquake,  with  of  the  8,-ismo- 
grnms.  has  toiu  -'ivon  in  tht?  r«Uicat<»ri.<  <■>/  On'  1.  0//17.  lnv.  Comm.,  Xo.  'J I,  A  pp.  II. 
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Krakau;  Krenisnwenster;  I'ienna;  Lailn-h:  liiulapest;  O'CujaUa;  Triest: 
Fiiitin':  Zagreb  (Croatia);  Sarajevo  (Bosnia):  A<jram;  Tortasa;  Kbro: 
Cartuja  (Granada);  I'ehjraA;  Sofia;  Jurjew;  Titlis;  Fnwantle  (Aus- 
tralia). The  times  of  commencement  of  the  1st  and  2nd 
preliminary  tremors  relating  to  these  latter  places  have  been  taken 
from  l)r.  Raucr's  paper,  entitled  "  Seismograph  and  magneto- 
graph  records  of  the  San  Francisco  earthquake,"*  and  from 
the  monthly  or  weekly  reports  of  the  different  seisrnologic.il 
observatories. 

The  velocities  of  propagation  corresponding  to  the  commence- 
ments of  the  1st  and  2nd  preliminary  tremors  are  denoted  by  vt 
and  r,;  the  calculation  being  made  both  according  to  the  "direct 
method"  and  the  "difference  method",  as  explained  in  one  of 
the  preceding  Articles.  /.  and  f.,  denote  respectively  the  times  of 
commencement  of  the  1st  ami  2nd  preliminary  tremors  at  a  given 
station,  whose  epicentral  distance  is  x.  /„  denotes  the  time  of 
earthquake  occurrence  at  the  origin. 

In  the  calculation  of  the  epicentral  distance  of  a  station,  the 
position  of  the  seismic  origin  has  been  fixed  according  to  the 
preceding  Ariicle,  at  a  point,  latitude  :5sJ  1.7  X,  laujitude  123J  W  ; 
the  time  of  commencement  of  the  earthquake  motion  at  the  origin 
being  assumed  to  be  Vih  12'"  (Mr  G.M.T. 

•  The  Popular  Seirnrc  Monthly,  August,  l!> .('.. 
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TAP.LE  I.— OBSERVATION  OF  THE  SAN  FRANCISCO 
EARTHQUAKE  OF  APRIL  18,  1906. 

(•  Time  <let.!rmint'<i  from  mvjm'toffratns.) 


Pluce. 


Position. 


Latitude.  Longitude. 


Epicentral 
Distance. 
=x 


Time  of 
occurrence 
(G.M.T.) 


Origin 


38'  15'  -X  1231  W 


United  States. 

University,  Berkeley  37 3  52' 24"  X 

Lick  Observatory         37°  20' 25"  X 

Ukiah   30°  OH'  12"  X 

Washington,  D.C         38°  54'  Is"  X 

Cbeltenhatn    38°  44'  —  X 


Baltimore 
Baldwin  . 


Mexico. 

Tatubaya   


30' 17' 4b"  X 
3h°47'  —  X 


122315'I1"W 
121°38'44"\V 
123'  13'—  \V 
77W06"\V 

7(iT,0'3O"W 

7«r37'12*'W 
95,10'—  W 


Itr  24'  18"  X    99' 1  1'37"W    27°  57' 


Canada. 

Victoria,  B.C   48° 27'  —  X 

Toronto  

Ottawa   


Porto  Rico. 

Vieques  


43°  39'  36"  X 
45°  2  V  —  X 


1-23*22'—  W 
79323'24"W 
75'40'~  W 

l 
I 


10'  12' 
32  59 
35  27 


Alaska. 


Sitka 


Hawaii. 

Honolulu   


18s  09'— X    05\»C—  W    53'  38' 


57-03'  —X  135'20'—  W    20'  29' 


21' 19'  —X  153W—  W    30°  53' 


Japan. 

Mizusawa   39"  08'  —X  l4l°07  —  E 

35°  42' 29"  X  I39n45'53"  K 

:\\°4z   —  X  I3583l'-  -  K 


Tokyo 
Osaka 





73  41' 
77  04 


13h12n'O0" 


0" 

42' 

13  12  39 

1 

24 

13  12  12 

0 

54 

13  12  17 

35 

32 

13  19  20 

35 

44 

113  19  24 
113  30  00* 

35 

46 

13  19  24 

21 

42 

13  24  — * 

la  17  58 


13  14  12 
13  19  18 
13  17  59 


13  22  17 


13  17  01 
13  22  54* 


13  19  30 
13  27  48* 


I 


70°  50'       13  24  07 


13  24  35 
13  24  24 
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Place. 


Position. 


Latitude. 


Longitude. 


Epiccntral 
Distance 
-x. 


Time  of 
occurrence 
(G.M.T.) 


i 

i     m  ■ 

Kobe  

34"  41* 

_ 

Is 

i35"ir— 

E 

77'' 

17' 

13 

24 

23 

Tadotsu  

34°  17' 

— 

X 

l33°4G'— 

E 

78 

27 

13 

Or, 

i  aiiioKu^r  orcuosA^ 

o*ia  no' 
-0  u_ 

V 

121W— 

E 

Ml 

•vt 

JO 

2< 

20 

breat  Britain. 

r  »  O  -  1  > 

425- 

w 

(2 

2< 

13 

23 

12 

I*  ,i : .  .1, — ..  i. 

5o  o/ 

23 

3M0'40" 

w 

72 

53 

i «) 
13 

-  > 

*jA 
oU 

y  1  .is 

Uu 

X* 

0°i8'40" 

\v 

77 

l.t 

ik) 

Shide  (New  Port!  

SY 1.)' 

I' lO- 

w 

/  7 

2o 

13 

2y 

OA 

00 

5-  -S 

X* 

rs 

rn— 

w 

75 

;i4 

13 

t>~ 
-so 

03 

Norway. 

WW 

-> 

5e25'- 

E 

f  2 

•  jo' 

38 

13 

o.) 
J- 

■1U 

Germany. 

Hamburg  ...   

53 '  33' 

55" 

N 

loorio" 

E 

IK? 

38' 

13 

o  £ 

vrotungen  

5P33' 

v 

9  58'— 

E 

o  1 

1  r' 

1  •< 

1  o 

24 

.54 

49' 23' 

55" 

X" 

5^s'44" 

E 

si 

2S 

13 

ii) 

23 

50"  50' 

x} 

1)°35'_ 

E 

21 

lo 

21 

•<4 

4hc  35' 

00" 

x* 

7"40'10"  E 

S'2 

49 

13 

24 

50 

Austria-Hungary. 

50s  03' 

50" 

X 

1995  7 ';«•>» 

k 

S5* 

51' 

13 

35 

48 

Kremsmiinstei'  

48°  03' 

N 

14"0S'— 

E 

85 

40 

13 

21 

25 

48°  13' 

55" 

N 

10"20'23" 

E 

8(5 

17 

13 

25 

42 

40'  03' 

X 

14°3l  — 

E 

s7 

29 

13 

25 

25 

Budapest   

47°  22' 

2<j" 

X 

19W55" 

E 

87 

50 

13 

CTGyalh   

47"  52' 

24" 

X 

1S52'32" 

E 

87 

20 

13 

25 

20 

Pola   

44°  51' 

4(.v 

N 

l3\>0'44" 

E 

S8 

15 

13 

25 

50 

45°  38' 

45" 

N 

13'45'45" 

E 

S7 

33 

13 

24 

33 

45°  10' 

;>»;•' 

X 

14525'40" 

E 

ss 

05 

13 

40 

00 

45'  48' 5-1" 

X 

15558'4S" 

E 

8S 

13 

13 

25 

25 

Sarajevo  

43°  52' 

X 

ls'44'— 

E 

90 

53 

( 

45^50' 

x 

loos'— 

E 

88 

10 

13 

25 

17 

Italy. 

43*49' 

U" 

X 

iri3'ii" 

E 

SS 

'05 

13 

27 

15 

43"  47' 

Is" 

X 

ITIO'42"  K 

ss 

0s 

13 

1-5 

00 

43°  40' 

40" 

X 

1P15'24" 

E 

ss 

OS 

13 

2(i 

25 

40°  44' 

27" 

l.V50'34" 

E 

91 

•10 

13 

20 

59 
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TAKLK    I. — Continued. 


Position. 

Epicentral 

Time  of 

Place. 

Distance 

occurrence 

Latitude.    |  Longitude. 

=  0". 

(G.M.T.) 

Casamicciola   •  40°  44' 45"  X     P>*54'12''  E    OF  44' 

G"i2  |D'\Y    K5'  14' 


Spain. 

San  Feriwii.lo.  30"  27'  40"  X 

TortosA                       40n  41)'  —  X  2°34'  —  K    *G  37 

Cutuiu'Gniimd.i)         37'  101  4:."  X  0  03 '2 5"  K    HH  08 

Kbio                          40'  40'  12"  X  0  20  40"  K    H5  30 


Servia. 


B,,i-.al   MMs'—X    2:.»W—  K    1«V  33' 


Sofia 


Bulgaria 


Russia. 


42'  42'  —  X    2  P2  )'  —  K    035  28' 


I 


JmjVw      5S°25'  —  X    2^12'—  1-     SO1  05' 

T.tlis   41°  13' 08"  X     1 4  17  .31"  F.    HI)  lii 

IWbkont   .      IF  10  31"  X     Gl>°17'42''  F    W  3S 


Cairo 


Egypt- 


India. 

Kol.iikunal 
Calcutta  


Pat  ivin  

Manila   

Shanglm  

New  Zealand. 

Wellington  

Cliristi-hurch   


10'  Pi'  50"  X 
221  34'  —  X 

0  On'  —  S 
14s 34'  11"  X 
3P  1 1'  33"  X 


77"27'4G"  F  127*  53' 
ns'24'  —  F  112  25 


loirsc  —  f 

I20n58'33"  F 
12  PI  0'45"  K 


I 


117  18 
100  14 
8s  24 


Brazil. 

Rio  Janeiro 


4P  17'  —  S  17P47'  —  K  \>r  40' 
43°  OF  50"  S  172\37'1k"  K  100"  23' 

22°  54' 24"  S 


Australia. 

FreuiantU*   32°  03'  —  S 


4:ri0'2l"\V    1.0'  30' 


h     m  » 

13  '26  OS 


13  25  00 
13  24  55 
13  24  40 
13  24  55 


13  30  54 
13  25  00 


Pi  24  30 
13  27  17 
13  28  05 


30aO4'  33"  X    3P17'14"  K  107"  35'       13  31 


!  13  31  30 
;  13  10  51 

i  13  32  54 
13  22  42 
13  34  50 

13  20  30 
13  33  30 

13  50  41(?) 


115*44'  —  F    lirr  5V     |  13  40  50 


Digitized  by  Google 


S  •i*ino£raphic  Observation  of  fm>  San  Francisco  Kartli  juake. 


31 


Table  II  gives  the  times  of  occurrence  of  the  1st  preliminary 
tremor  at  the  different  station-',  divided  into  a  numher  of  groups, 
according  to  the  epicentral  distance  ;  those  places,  whose  time 
ohservations  are  apparently  not  quite  exact,  heing  provisionally 
excluded. 


TAKLK  II. — SAN  FJiANClSCU  EAliTll^l'AKK  OF 

APRIL  IS.  1000. 

Different  Stations  divided  into  f>roii|*«. 

pj.uv  Epi-vntral  Distance     Tim^  of  occurrence. 

=  jr.  =  f i''<t.  M.  T.) 


Origin.   

Victoria,  B.C.  

Sitka   

Ticubayu 

Honolulu    

Toronto    . 

Mean  

Ottawa      

Washington   

Cheltenham   

Baltimore   

Mean  

i 

Vieques   

Mizusawa   

Tokyo   

Osaka  

Kobe   

Mean   


Bergen 


13 

id 
12 

00 

10*  12' 

1:5 

14 

12 

•if  -iy 

13 

17 

0! 

■ir  57' 

13 

17 

5  s 

U 

l'J 

30 

'■i-t'  .*>'.(' 

30'  36' 

13 
13 

19 
13 

IS 

55 

a.V  27' 

13 

17 

59 

35s  32' 

13 

la 

20 

35'  44' 

13 

19 

•24 

•XP  4<i' 

1* 

19 

24 

35  37' 

13 

19 

02 

:>  y  •!•>' 

13 

22 

17 

70°  00' 

13 

•24 

07 

7V  41' 

13 

•24 

35 

77°  (U' 

13 

•24 

21 

77>  17' 

la 

24 

•23 

74-  43' 

13 

24 

22 

i-r  as' 

13 

"22 

40 
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TABLE  IL— Continued. 


Placf. 


Paisley   

Edinburgh  

Birmingham   

Kew  

Shiile    . 

Hamburg   

Jurjew   .   

Gottingen   

Heidelberg  

Jena  .'  

Strassburg   

Mean  .  .. 

San  Fernando  

Ebro   

Kreimmunster  .. 

Vienna  

Tortosa   

O'Gyalla  

Lai  bach   

Triest   

Quarto  Ci&tello  .. 

Quercc  

Ximcniano   

Cartnja  (Granada) 

Zagreb   

Tola  

Agrain  

Ischia*   

Taihoku   

Sohv   

Mean  

Wellington  

Tiflis   

Tasebkent   

Batavia   

Kodaikanal   

Mean  


Epiceutral  Distance 
=x 


Time  of  occurrence. 
=  /,(G.  M.  T.) 


b 

m 

* 

72" 

27' 

13 

23 

12 

72 

53 

13 

23 

30 

75 

51 

13 

25 

03 

77 

17 

13 

25 

42 

77 

25 

13 

25 

00 

79 

38 

13 

24 

32 

80 

05 

13 

24 

39 

81 

15 

13 

24 

34 

81 

28 

13 

25 

23 

8-2 

21 

13 

24 

34 

82 

49 

13 

24 

56 

78 

01 

13 

24 

29 

85° 

14' 

13 

25 

06 

8r> 

OK) 

13 

24 

55 

«5 

40 

13 

24 

25 

80 

17 

13 

25 

42 

86 

37 

13 

24 

55 

87 

26 

13 

25 

20 

87 

29 

13 

25 

25 

87 

33 

13 

24 

33 

88 

05 

13 

27 

15 

88 

ON 

13 

25 

03 

88 

OH 

13 

26 

25 

88 

08 

13 

24 

40 

88 

13 

13 

25 

25 

8H 

15 

13 

25 

56 

H8 

l<> 

13 

25 

17 

91 

45 

13 

20 

34 

r>2 

23 

13 

27 

20 

2S 

13 

25 

00 

88 

09 

13 

25 

31 

i>7° 

40' 

13 

20 

36 

99 

hi 

13 

27 

17 

99 

38 

13 

2S 

05 

117 

18 

13 

32 

54 

127 

53 

13 

31 

36 

108 

21 

13 

29 

18 

•  JKau  of  I'orUj  d'IscHa  and  Cisamiccioh. 
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2.     Velocity  of  I't  opagafion  of  the  lmt  Preliminary  Tremor. 

•  DIRECT  METHOD.  ' 

(i)  *  Victoria,  B.C. 

s  =  10°12'=1133  Am. 

<I-/0=2m12,=  l32  sec. 
r|=8.58  km  per  sec. 

(ii)  *  Sitka. 

x  =  20°29'=2276  km. 
<,=  P17»0l' 
— /0=5m01"=301  sec. 
t),  =  7.56  km  per  sec. 

(iii)  Tacubaya,  Honolulu,  Toronto  :  — 

Mean  x=30°  36' =3400  km. 

i1-^=(*,m55,=4l5  sec. 
Ui=8.l9  km  per  sec. 

(iv)  Eastern  Parts  of  Canada  and  the  United  States :- 
Ottawa j  Washington,  D.C.,  Cheltenham,  Baltimore. 

Mean  x  =  359  37'=395G  km. 

/1-/0=7m02'=422  sec. 
Pl=9.37  km  per  sec. 

(v)  *  Vieques  (Porto  Rico). 

x=53°  38' =5358  km. 
^=lb22ml7- 
tl-t0=lOmlV=Qn  sec. 
t>1=9.H6  km  per  sec. 

(vi)  Japan: — Mizusaira,  Tokyo,  Lbaka,  Kobe. 

Mean  z=746  43' =8301  km. 
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/,-f0=l2m22'=742  sec. 
1^=11  19  km  per  sec. 

(vii)  Norway,  Great  Britain,  Germany,  Russia: — Bergen, 
Paisley,  Edinburgh,  Birmingham,  Kne,  Shide,  Hamburg,  Gbttingen, 
Heidelberg,  Jena,  Strassburg,  Jurjew. 

Mean  ir=78°  01'=8<>G7  km. 

t%— lh24ra29, 

f1-/0=12m29,=749  sec. 
»,=  11.57  km  per  sec. 

(viii)  Spain,  Austro-Hungary,  Italy,  Burgaria,  Formosa: — 
San  Fernando,  Tortosa,  Kretnsmuenster,  Vienna,  O'Gyalla,  Laibach, 
Triest,  Quarto  Castello,  Querce,  Ximeniano,  Cartuja,  Zagreb,  Pola,  Agram, 
Ischia,  Taihoku,  Sofia. 

Mean  s=8b°  09'=9793  km. 

^  — r0=13na3l»=8tl  sec. 
«i=  12.08  km  per  sec. 

(ix)  New  Zealand,  Turkestan,  Java,  India:  —  Wellington, 
Chmtchurch,  Tiflis,  TascldcetU,  liatavia,  Kod/iikaual. 

Mean  x= 108°  21'= 12038  km, 

f,=lh29ml8' 
^-^=17m18'=l0.'i8  sec. 
vx=  11.60  km  per  sec. 
Excluding  provisionally  the  three  eases  of  single  observa- 
tions, (i),  (ii),  and  (v)  marked  with  asterisks,  the  six  groups  (iii). 
(iv),  (vi) — (ix),  may  be  divided  into  two  sets  as  follows: — 

!x  =  30°  36' ;  r,=8.l9  km  per  see. 
1=35°  37  ;  rl=9.37 

Mean   x=3a°  7';  r»=8.78 

x  =  74°  43' ;  r,=  11.19  km  per  sec. 
78  01  11.57 
88  09  12.08 
108  21  12.00 


(b)  (vi),  (vii),  (viii),  (ix). 
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Mean   x=87*  19'       v1=11.61  km  per  sec. 

Comparing  the  latter  value  with  the  velocity  deduced  by 
"  difference  method  "  given  below,  we  obtain:  — 

t>i  (difference  method)    _  18.97  _  ^  ^ 
redirect  method)  11.61* 

This  ratio  is  to  be  regarded  as  holding  good,  so  far  as  the 
velocity  calculated  hy  "direct  method"  is  concerned,  for  the 
distance  x  of  about  70°  to  100°. 

The  relation  between  the  *  and  *>i  calculated  by  "direct 

method,"  for  the  six  groups  (iii),  (iv),  (vi)  (ix),  is  graphically 

shown  in  Fig.  2,  PI.  IX. 

"DIFFERENCE  METHOD." 

In  calculating  the  velocity  *i  by  the  "  difference  method",  I 
have  taken  only  the  mean  values  relating  to  the  Groups  (iii),  (iv), 

(vi)  (ix).    The  relation  between  the  time  of  commencement 

and  the  epicentral  distance  is  illustrated  in  Fig.  1,  the  dotted 
curve  being  drawn  with  free  hand  through  the  mean  position. 
Assuming  a  linear  relation  between  the  time  of  commencement 
and  the  epicentral  distance  for  the  limits  of  the  latter  quantity 
given  by  the  groups  (iii)  and  (ix),  as  indicated  by  the  straight  line 
in  Fig.  1,  and  calculating  by  the  method  of  Least  Squares,  we 
obtain 

t!  =  13.97  lm.  per  sec. 

3.     Velocity  of  Propagation  of  the  2n«f  Preliminary  Tremor. 

Table  III  gives,  for  21  different  stations,  the  epicentral  dis- 
tance and  the  time  (=0  of  commencement  of  the  2nd  preli- 
minary tremor  ;  the  stations  being  grouped  as  follows  :  — 

Group  (i).  United  States  and  Canada: — Toronto,  Cheltenham, 
Baltimore. 
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Group  (ii).    Japan  : — Miznsawa,  Tokyo,  Osaka,  Kobe. 

Group  (iii).  Central  Europe :  — Hamburg,  Jurjew,  Gbttingen, 
Jena,  Strassburg,  San  Fernando,  O'Gyalla,  Quarto  Castcllo  (Florence), 
Zagreb. 

The  epicentral  distance  varied  between  79°  38'  and  88°  13'. 

Group  (iv).  Tips,  Manila,  Calcutta,  the  epicentral  distance 
varying  between  99°  16'  and  112°  25'. 

Besides  these,  there  are  two  single  stations  of  Birmingham 
(x=75°  54')  and  Sofia  (a: =93°  28'). 

The  relation  between  the  time  ('0  and  the  distance  x,  for  the 
four  groups  (i) — (iv),  is  illustrated  in  Fig.  3,  (PI.  X). 


TABLE  III. — SAN  FRANCISCO  EARTHQUAKE. 


Time  of  Commencement  of  the  2nd  Preliminary  Tremor. 


Place. 

Epicentral  Distance 
=x. 

Time  of  Comrnr..  of 
2nd  Prel.  Tremor. 
=  <,. 

h 

m 

a 

32° 

59' 

13 

25 

00 

35 

44 

13 

25 

04 

35 

4G 

13 

25 

12 

(i)  Mean   

34 

50 

13 

25 

05 

70" 

50' 

13 

33 

14 

73 

41 

13 

34 

24 

77 

04 

13 

34 

13 

77 

17 

13 

34 

19 

(ii)  Mean  

74 

43 

13 

34 

03 

75* 

54' 

13 

35 

07 

79* 

38° 

13 

34 

57 

80 

05 

13 

34 

43 

81 

15 

13 

34 

42 

82 

21 

13 

35 

09 
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Place. 

Epiceutral  Distance 

Time 

of  Commt.  of 

z. 

2nd  Prel.  Tremors  f,. 

82° 

49' 

h 

13 

m 

35 

20 

San  Fernando  

85 

14 

13 

35 

18 

87 

26 

13 

36 

08 

88 

05 

13 

37 

58 

88 

13 

13 

35 

32 

83 

54 

13 

35 

32 

99* 

16' 

13 

39 

13 

100 

14 

13 

37 

02 

112 

25 

13 

40 

48 

103 

58 

13 

39 

01 

Calculating  the  velocity  of  propagation  from  the  mean  values 
given  in  the  above  table  we  obtain  the  following  results. 


«  DIRECT  METHOD. 

(i)    x  =  34°  50' =  3870  km. 

f,=  lh25-05' 
/J-f0=13"05'=785  8ec. 
r,=4.93  Arm.  per  sec. 

(ii)   x  =  74s43'=8M01  km. 

f,=  lh34-03« 
^-^=22»03'=1323  sec. 
t>,=6.27  km.  per  sec. 

(iii)  x=83*54'=9321  km. 
r,=  lh35-32« 

f1-f0=23n,32'=1412  sec. 
rt=6.00  km.  per  sec. 

(iv)  x= 103°  58' =11551  km. 
^  =  lh39m0l* 
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F  Otnori  : 


/,-/0=27m01,=  l62l  sec. 
vt— 7.13  km.  per  sec. 
The  above  results  may  be  summarized  as  follows  :  — 

(A)  For  (i)  in  which  the  epicentral  distance  was  34°  50',  the 
direct  velocity  rs  was  4.03  km.  per  sec. 

(B)  For  (ii)  and  (iii),  in  which  the  distance  was  74°  43'  to 
83°  54',  the  mean  values  are  : 

x  —  79°  19',     t'.=<i.44  km.  per  sec. 

(C)  For  (iv),  in  which  the  distance  was  great  and  equal  to 
103°58',  the  velocity  t'j  was  7.13  km.  per  sec. 

The  relation  between  the  epicentral  distance  and  the  velocity 
«t,  calculated  by  the  "direct  method",  is  graphically  shown  in 
Fig.  4,  PI.  XI,  the  curve  being,  within  the  limits  of  34s  50'  and 
103°  58'.  approximately  straight. 

"DIFFERENCE  METHOD." 

(iv)-(i) ;  ,?x=09°  08'  =  7G£0  km. 

f?/=l3'»55<=835  sec. 
»,=  9.20  km  per  sec. 

(iv)-(ii);  /?x=29°  15' =3249  km. 

^/  =  4m58'=298  sec. 
v,=  10.90  km.  per  sec. 

(iv)-(iii);  rfx  =  20°  04  =  2227  km. 

/)f  =  3m29»=209  sec. 
r.=  ]0.(l()  km.  per  sec. 

(iii)-(i);    .  .«\r  =  49t04'  =  5450Am. 

«f=10m27»=627  sec. 
r,=ft.69  km.  per  sec. 
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(iii)-(ii)  «*  =  <T  11=1010  Am. 

#=lm29»=89  sec. 
t?3=  11.35  km.  per  sec. 

(ii)-(i)  <Jx  =  39*  53'  =  4430  km. 

^=8»58«=f>38  sec. 
r,=8.24  Am.  per  sec. 

The  above  results  may  be  summarized  as  follows  : — 
(A).    For  the  three  combinations,  in  each  of  which  the 
shorter  distance  was  :\4°  50',  the  velocity  <*»  was  small,  namely, 

p. =9.20  km.  per 
8/>9 
8.24 


Mean  .   .  8.71  km.  per  sec. 
(11).    For  the  three  remaining  combinations,    in  each  of 
which  the  shorter  distance  was  over  74°  43',  the  velocity  was 
greater  :  — 

»>.=  10.90  Ami.  per  sec. 
10.06 
11.35 


Mean  10.97  km.  per  sec. 

Mean  value  of  r„.    Taking  the  four  groups  (i)  (iv),  Table 

III,  and  assuming  a  linear  equation  between  the  epicentral  dis- 
tance and  the  time  of  commencement  of  the  2nd  preliminary 
tremor,  we  obtain  by  method  of  I /east  Squares,  the  following 
mean  value  :  — 

r«=9.02  km.  per  sec. 
Comparing  this  with  the  value  of  the  velocity  r,  given  in  $2, 
we  see  that 

«V=  13.97   _j  4 
p2         9.02  -A  J4J« 
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this  ratio  relating  to  the  velocities  between  the  distance  limits  of 
about  30°  and  100° 


4.    Duration  of  the  lmt  Preliminary 

Table  IV  gives  the  duration  (in)  of  the  1st  preliminary  tremor 
at  the  different  stations,  arranged  according  to  the  epicentral  dis- 
tance (*). 

TABLE  IV. — SAN  FRANCISCO  EARTHQUAKE. 

of  the  lnt  Preliminary 


Place. 


Epicentral 
Diatance=x 


Duration  of 
1st  Prel.  Tremor =yt 


Tacubaya  ... 

Ottawa   

Washington 
Cheltenham 
Mean... 


Vieques  (Porto  Rico) 


Mizusawa 
Tokyo  ... 
Osaka  . . . 
Kobe  


Paisley  

Birmingham 

Kew   

Hamburg   

Jurjew   

Gottingen  

Jena   

Strassburg   

Mean  

Ximeniano   

Querce  

Quarto  Castello 


27' 

57' 

m 
4 

■ 

53 

35' 

27' 

5 

31 

35° 

32' 

5 

26 

35* 

44' 

5 

38 

35* 

34' 

5 

32 

53' 

38' 

7 

38 

70* 

50' 

9 

07 

73" 

41' 

9 

49 

77' 

04' 

u 

49 

77° 

17' 

9 

50 

74° 

43' 

9 

40 

72° 

27' 

10 

12 

75' 

54' 

10 

04 

77' 

17' 

8 

12 

75" 

54' 

10 

25 

80' 

OS- 

10 

04 

81° 

IS' 

10 

08 

82s 

21' 

10 

35 

82° 

49' 

10 

24 

781 

30' 

10 

01 

88° 

08' 

10 

57 

8H° 

08' 

10 

42 

88° 

05' 

10 

50 
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I 'lace. 


Epicentral 
Distance =x. 


Duration  of 
1st  Prel.  Treinor=y,. 


Iachia 


Mean 


91°  45' 
89'  02' 


m  » 

11  '27 
11  01 


Tiflis  .. 
Manila 


Mean 


99°  16* 
100°  14 
99°  45' 


11  5'i 
14  20 
13  08 


According  to  Table  IV  the  mean  values  of  the  epicentral  dis- 
tance (x)  and  the  corresponding  duration  (//,)  of  the  1st  prelimi- 
nary tremor  are  as  follows:  — 

z=273  57'    ;    y,=4-  53* 


The  relation  of  x  and  //„  as  illustrated  in  Fig.  5,  PI.  XII,  is 
nearly  linear.  Assuming,  therefore,  an  equation  of  the  1st  degree 
between  these  two  quantities,  and  determining  the  constants  by 
the  method  of  Least  Squares,  we  obtain  the  following  formula:  — 


The  deduction  of  this  equation,  whose  application  is  limited 
between  x=about  'MV  and  10<f.  differ  from  that  of  similar  equa- 
tions hitherto  given  in  that  the  data  utilized  in  the  calcula- 
tion relate  all  to  one  and  the  same  earthquake,  and  not  to  the 
observations  at  one  given  station  of  different  earthquakes. 


359  34' 
53'  38' 
74'  43' 
78'  30' 
89°  02 
99'  45' 


5  32 

7  38 

9  40 

10  01 

11  01 
13  08 


x  =  10.79  y,  -  161H  km. 
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5.  Milne  Horizontal  Pendulum  Seiantograntm  obtained  at 
San  Fernando  and  Wellington. 

In  Figs  0  ami  7,  PI.  XIII,  1  reproduce  the  Milne  Horizontal 
Pendulum  seismograms  obtained  at  San  Fernando  (Spain)  and 
Wellington  (New  Zealand);  these  records  having  been  selected 
on  account  of  the  clearness  with  which  they  indicate  the  W,  waves, 
or  the  earthquake  vibrations  propagated  along  the  major  arcs 
of  the  earth.  The  explanation  to  the  Wellington  diagram  is  that 
given  by  Mr.  G.  Hogben. 

In  each  diagram,  the  letter  A  marks  the  probable  commence- 
ment of  the  3rd  phase  of  the  principal  portion. 

The  portion  marked  W,  in  the  San  Fernando  diagram  may 
correspond  to  the  repetition  of  the  earthquake  motion  propagated 
first  along  the  minor  arc,  which  came  back  after  making  one 
complete  circuit  of  the  earth.* 

The  epicentral  distances  of  San  Fernando  and  Wellington  are 
respectively  85°  14'  and  07°  40',  the  former  station  being  12°  20'  or 
1381  km  nearer  to  the  origin  of  the  earthquake.  Accordingly 
the  W,  motion  occurred  some  minutes  earlier  in  the  Wellington 
record  than  in  the  San  Fernando  one. 

San  Fernando  Seisniograin.  Commencement  of  the  earthquake 
=  13*  25""  06'.  The  principal  portion  began  approximately  at  13* 
4*r  30'.  The  first  maximum  motion,  probably  corresponding  to 
the  3rd  phase  of  the  principal  portion,  occurred  at  13*  57"  IK";  the 
2nd  maximum  occurring  at  14*  03"  05'. 

The  W,  motion  began  at  15*  13",  the  3rd  phase  of  its  principal 
portion  commencing  at  15*  32"  12'.  The  motion  remained  active 
till  15*  40". 

Wellington  SeismtMjraiu.     Commencement   of  the  earthquake 

•  Mr.  Hoffbeti  i.^ntifion  th«?  «irOiqu»ke  tnoTement*  for  the  succesmvo  repetitions. 
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PL.  XI. 


Fig.  4.    San  Fraucisco  Earthquake. 
Relation  between  the  Epicentral  Distance  and  the  Velocity  o,.  "  directly  "  calculated. 
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=  13*  26"  36'.  The  1st  maximum  motion,  approximately  cor- 
responding to  the  commencement  of  the  principal  portion,  occurred 
at  14*  02"  00*.  The  2nd  and  largest  maximum,  which  probably 
corresponded  to  the  3rd  phase  of  the  principal  portion,  occurring 
at  14*  10"  30*.  The  6th  phase  of  the  same  portion,  probably  the 
"transverse"  vibration,  occurred  at  14*  39"  18'. 

The  Ws  motion  began  at  15*  05"  18';  the  1st  maximum, 
which  probably  corresponded  to  the  commencement  of  the  3rd 
phase  of  the  principal  portion,  occurring  at  15*  30"  18'.  The 
2nd  maximum  occurred  at  15*  47"  06'. 

Comparing  the  Wit  or  the  earthquake  proper  with  the  Ws 
motion,  we  obtain  the  following  approximate  values  of  the  veloc- 
ities. 


Place 


San  Fernando 
Wellington  ... 


Commencement  of 
Princ.  Portion. 


Commencement  of 
3rd  Phase, 
Princ.  Portion. 


4.2  km./sec.  3.7  km. /see. 

4.8  3.8 


These  are  to  be  regarded  as  only  groys  approximations. 

«•  The  foregoing  paragraphs  constitute  only  the  preliminary 
notes  on  the  seismographic  observations  of  the  San  Francisco 
earthquake.  A  full  discussion  of  the  transit  velocities  correspond- 
ing to  the  different  phases  of  the  earthquake  motion,  and  the  results 
of  the  analysis  of  the  seismograms  will  be  given  in  a  future  number 
of  the  Publications  of  the  Earthptake  Investi<i<ition  Committee 
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Note  on  the  Transit  Velocities  of  the  Guatemala 
Earthquake  of  April  19,  1902. 

By 

F.  Omori,  Sc.  D., 

Member  of  tlie  Imperial  Earthquake  Investigation  Committee. 

Ill  the  Procee'liwjs  of  the.  Royal  Society  of  Lotuion,  Vol.  A  76, 
1905,  Mr.  R.  J\  Oldham*  gives  an  important  discussion  of  the 
transit  velocities  of  the  Guatemala  earthquake  of  April  It),  1902. 
As,  however,  Mr.  Oldham  confines  himself  to  the  velocity  calcula- 
tion hy  the  ''direct  method,"  I  shall  here  try  the  calculation  by 
the  "difference  method  "  of  the  velocity  of  propagation  of  the  1st 
preliminary  tremor. 

The  following  table,  which  gives  for  the  different  stations 
the  epicentral  distance  and  the  time  of  occurrence  and  the  duration 
of  the  1st  preliminary  tremor,  is  taken  from  Mr.  Oldham's  paper. 


GUATEMALA  EARTHQUAKE  OF  APRIL  19,  1902. 


Station 

Epicentral 
Distance. 

Time  of          Duration  of 
occurrence.          1st  Prel. 
(G.  M.  T.)     j  Tremor. 

mln. 

rain. 

27°.8 

2h  30.1 

5.5 

30.8 

30.5 

5.0 

Victoria,  B.C  

43.0 

31.3 

5.9 

52.7 

32.1 

7.0 

38.6 

31.0 

5.9 

77.0 

30.0 

9.5 

77.4 

35.0 

San  Fernando   

77.<> 

34.8 

8.5 

•  K.  D.  Oldham:  "  The  Rate  of  Transuiiesion  of  the  Ountcuwla  Earthquake,  April  19,  1902." 
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GUATEMALA  EARTHQUAKE.— Continued. 


r>itt[  lull. 

Epicentral 
Distance. 

i  ime  oi 

occurrence. 
M.  L.) 

Duration  of 
I8i  xiei 
Tremor. 

Shide  (I.  of  Wight) 

c 

78.8 

h  min. 

2  35.5 

min 

11.4 

Kew   

79.3 

36.2 

9.6 

Mean  

78.0 

35.5 

9.8 

Uccle   

82.8 

36.0 

10  4 

84.9 

36.3 

10.3 

M5.0 

36.2 

— 

88.0 

36.6 

10.6 

88.7 

36.6 

10.8 

Triest  .. 

90.2 

36  8 

l*  1 

X  ...  1 

Rome  

90.2 

37.6 

12.7 

90.4 

36.8 

10.5 

90.4 

37.0 

10.3 

91.4 

36.8 

9.9 

91.7 

37.0 

10.6 

Catania 

98  6 

36  7 

Mean  

89.0 

36.7 

10.8 

100.8 

37.0 

— 

Wellington  

102.5 

38.0 

9.0 

Cbristcburch  

104.5 

37.2 

10.8 

Mean  

102.4 

37.4 

9.9 

110.4 

38.8 

15.7 

110.7 

38.2 

18.3 

Irkutsk 

111.9 

42  9 

16  2 

113.9 

38.4 

13.2 

111.7 

39.6 

15.9 

121.3 

40.2 

9.5 

112.9 

44.0 

144.1 

43.5 

22. 1 

Perth,  W.  A  

149.8 

43.8 

18.2 

152.9 

20.4 

Batavia   

100.4 

43.7 

24.3 

Mean  

/ 149.3* 
\  151.8 

43.8 

21.3 

*  140.3  is  tbe  mean  distance  obtained  by  omitting  Kodaik&nal.  and  151.S  that  obtained  by 
omitting  Calcutta.  These  two  «tlue»  are  to  be  used  respectively  for  the  time  of  occurrence  and 
the  duration  of  the  1st  preliminary  1 
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V.  Owori  :    Transit  Velocitie«  of  tbe  Ouatcuisia  Enrthquake 


I  have  divided  the  34  stations  contained  in  the  preceding 
table  into  7  groups,  the  relation  between  the  mean  values  of  the 
epicentral  distance  and  the  time  of  occurrence  being  illustrated  in 
the  accompanying  figure  (PI.  XIV).  From  the  latter  it  will  be 
seen  that,  within  the  limits  of  the  distance  under  consideration, 
the  time  of  earthquake  occurrence  increased  linearly  with  tho 
distance.  Assuming,  therefore,  an  equation  of  the  1st  degree 
betweon  the  time  and  the  distance,  and  calculating  by  the  method 
of  Ixsast  Squares,  we  obtain 

r,=  16.02  km.  per  sec* 

This  value  of  r,  is  2  km.  greater  than  that  found  for  the  San 
Francisco  earthquake,  as  given  in  the  preceding  article. 

•  The  value  of  v\  previously  obtained  for  this  earthquake  by  Dr.  A.  Tmatnura  was  16.6  km. 
per  sec. 
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The  Calabrian  Earthquake  of  Sept.  8,  1905.  observed  in  Tokyo. 

By 

F.  Omori,  Sc.  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

l.    PI.  XV  gives  the  EW,   NS,  and  vertical  components  of 

motion  due  to  the  disastrous  Calabrian  earthquake  of  Sept.  8, 

1905,  observed  in  the  University  compound.  (Hongo),  Tokyo; 

the  magnifying  ratios  in  the  three  diagrams  being  respectively  15, 

20,  and  12.    The  details  of  construction  of  the  two  horizontal 

component  instruments.  *  which  are  nearly  alike  to  one  another, 

are  as  follows :  — 

Vertical  distance  between  the  points  of  suspension  and  of  support -2  metres. 
Effective  length  of  the  strut,  or  the  horizontal  distance  between  the  point  of 
support  and  the  steady  axis-1  metre. 

Weight  of  the  heavy  bob-  ^ 

v  ♦     in    n  f     p      i  fCl-5  sec.  (EW). 

Natural  Oscillation  Period   {     „  .VTO, 

U8.5  sec.  (N8). 

The  vertical  instrument,  which  is  one  of  Gray-Ewing  type, 
has  the  following  specifications  : 

Length  of  the  vertical  spiral  springs- 1.2  metre. 

Horizontal  distance  between  the  centre  of  the  steady  mass  and  the  pivot  - 1 .2  metre. 

Weight  of  the  heavy  bob- 9  kg. 

Natural  Oscillation  period- 0.0  sec. 
The  time  of  commencement  of  the  earthquake  motion  was  V 
50"  09"  (G.M.T.).    In  the  following  descriptions  of  the  seismo- 
grams,  T  and  2a  denote  respectively  the  complete  period  and  the 
double  amplitude  of  motion. 


aie  the  long-period  horizontal  pendulums  described  in  the  Publications,  No.  5,  with 
changes  in  the  weight  of  the  steady  mass  and  the  multiplication  ratios. 
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F.  Oinori  : 


2-  KW  t'ompanewi.  Total  duration  «  3  hours.  The  com- 
mencement was  very  small,  and  slightly  uncertain. 

1st  Preliminary  Tretnor.  Duration  =10"  25'.  For  the  first  2" 
(Y,  the  motion  was  very  small.  The  subsequent  motion  was  larger 
and  nearly  uniform: — T=7.7  sec,  max.  2u=3.3  mm.  there  being 
also  traces  of  small  vibrations. 

'2nd  Preliminary  Tremor.  Duration  -11"  49'.  The  motion  was 
greater  during  the  first  0"  20*  than  during  the  rest  of  this  phase: — 

T=  6.4  sec,  max.  2a =0.1  mm. 
8.8   „  ,  small. 
11. 6   ..  ?  „ 

Principal  Portion.  [1st  and  2nd  pluses.]  Duration  =  10"  43". 
During  the  first  5"  48',  the  motion  was  small: — T=21.2  sec,  max. 
2a=0.0  mm.,  there  being  also  small  vibrations  of  T=8.7  and  G.4 
sec.  For  the  next  2"  2;V,  there  were  3  small  slow  vibrations:  — 
T=48.3  sec,  max.  2«=0.05  mm,  superposed  by  small  vibrations 
of  T=8.5  sec  For  tlie  remaining  2"  29',  there  were  4  larger 
and  nearly  equal  vibrations: — T=37.3  sec,  max.  2<i=0.13 
mm;  there  being  also  some  small  vibrations.  [3rd  phase.] 
Duration  =9"  31)'.  During  the  first  2"  8*.  the  motion  consisted 
of  41  regular  vibrations: — T=28.5  sec,  the  4th  having  the 
max.  2a  of  0.35  mm.  For  the  next  2"*  38',  the  vibrations 
were  smaller  and  quicker: — T=21.1  sec,  max.  2a=0.24  mm. 
For  the  remaining  4"  57',  the  vibrations  became  again  quicker:  — 
T— 14.5  sec,  the  two  max.  2u\s  of  0.45  and  0.50  mm.  occur- 
ring respectively  5m  39'  and  8"  54'  after  the  commencement  of  this 
pha-c  There  were  also  some  traces  of  vibrations  of  T=28.8  sec 
[4th  phase].  During  the  first  5"  25'.  the  motion  was  large  :  — 
T=17.7  sec,  max.  2«  =  <>.21  mm;  T=11.8  sec,  max.  2*1  =  0.20 
mm.    Dining  the  remaining  10"  53'  of  this  phase,  the  motion  was 
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smaller  an<!  nearly  uniform:— T=  11.1  see.,  max.  2"  =  0.12  mm; 
T=16.9  sec,  max.  2<»-0.0S  mm.  [oth,  etc.  phases].  The 
motion  was  much  smaller.    Toward  the  end,  T=13.9  sec 

The  \YS  vibrations,  or  the  earthquake  movements  propagated 
along  the  major  arc  of  the  earth,  appeared  at  3*  47M  10"  ((I.M.T.) 

a.  XS  Component.  The  commencement  was  very  small 
and  slightly  indistinct. 

ht  Preliminary  Tremor.  Durations*. about  10"  .57'.  For  the 
first  1",  the  motion  was  very  small.  The  subsequent  motion  was 
nearly  uniform  : — T=0.0  sec,  max.  2a=0.03  mm,  mixed  with 
some  vibrations  of  T=11.3  sec 

'Jnd  Preliminary  Tremor.  1  mration  =  0"  44*.  The  motion  was 
groater  noar  the  commencement  : — T=7.0  sec,  max  2u=0.08 
mm;  T=10.3sec,  max.  2<i  =  0.12  mm. 

Principal  Portion.     [1st  and  2ud  phase]    Duration  =  11"  30'. 
During  the  first  9*  44',  the  motion  was  nearly  constant:  — 
T=14.9  sec,  max.  2a  =  0.06  mm; 
,,=  8.0      ,    „        =0.05   „  ; 
,,  -  4.0      ,  small. 
During  the  remaining  lm  47'.  there  were  2  and  half  well- 
defined  vibrations: — T-42.Ssee..  max.  2"  =0.1  mm.    [3rd  phase] 
Duration  =  lo"  IS*.    During  the  riist  1"*  20',  there  were  2  and  half 
well-defined  and  nearly  equal  vibrations: — T=3.77  sec.,  max. 
2^  =  0.22   mm.     For  the    next  2m  14',  the  vibrations  became 
quicker:— T  =  20.s  Src,  max.  2<i  =  0.33  mm.    For  the  next  1"  3.7, 
the  motion  was  smaller: — T=  10.0  sec,  max.  2«=0.2~>  mm.  For 
the  next  lm  11',  there  were  2  slow  small  vibrations: — period -=35..") 
sec,  max.  2«  =  0.o0  nun,  superposed  with  small  movements  of 
T=10.1  sec    Thereafter  the  motion  became  much  quicker  and 
active,  the  vibrations  during  the  next  2""  31'  being  T  =  1  •"».  1  sec, 
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F.  Ouiori : 


max.  2i  =  0.35  mm,  mixed  with  slower  vibrations  of  T=30.2  sec, 
max.  2»i=0.40  mm.  For  the  next  1"  42:—  T- 25.5  sec,  max. 
2^  =  0.33  Tim>.  For  the  next  lm  51*,  the  motion  hecame  again 
quicker: — T—  1 3.9  sec,  max.  2«=0.13  mm.  During  the  remaining 
0™  28*,  the  period  remained  nearly  constant: — T-10.2  sec,  max. 
2"=0.43  mm,  mixed  with  some  small  vihrations  of  T-10.3  sec. 
[4th,  etc  phases.]  During  the  first  8"  20': — T=  1 1.3  sec,  max. 
2«=0.08  mm;  T=19.7  sec,  max.  2-<=0.0!>  mm. 

End  I'ortiou.  The  vihrations  had  a  T  of  13.2  sec,  there 
being  also  some  vibrations  of  T=17.1  sec 

The  W3  vihrations  which  appeared  at  4*  00"  2b'  (G.M.T.), 
were  small  but  well  defined: — T=18.5  sec,  max.  2"=small. 

4.  Vertical  Component.  The  motion  began  with  small 
quick  vibrations.  At  2A  32"  57*  (G.M.T.),  there  appeared  small 
slow  vibrations  continuing  for  about  10  min.  7m  20*  later  on 
the  movements  became  more  distinct  :— T-- 15. 2  sec,  max.  2a- 
0.03  mm. 

Appcmli.r.  The  observations  of  the  Calabrian  earthquake 
at  Osaka  and  Mizusawa  were  as  follows:  - 

Oauka  {Kir). 

Total  Duration-  V'  24".    Time  of  commencement- 1*  50"  31*. 
1st  Pre!.  Trent.    Duntion  =  10- 15";  T=0.G  sec;  max.  2a  =  0.2  mm. 
2nd    „       „  „       =11  10;  ,,  =  6.7    „;    „      ,,=0.7  „ 

1  'riii cipal  I  'or! ion :  — 

1st  and  2nd  phases.  Pur.  =  7'"  10';  T=20.0  sec;  max.  2a— 0.4  mm. 
3rl  phase.  „    =H  25 ;  „  =21 .9   „:    „        =0.5  „ 

4th    „  ^8  30;  „  -17.1    ,.  ;    „        =0.4  „ 

5th    „  „    =  0  0.1;  „  =12.7    „  ;    ,.        =0.1  ,. 

Gth    „  „    -8  10:  „  =15.4   „  ;    .,        =0.5  „ 


Tho  Calnhriun  Earth.,uake  of  Sept.  8.  190a.  Obscmd  in  Tokyo. 
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7th  phase. 
End  I'ortion. 


Dnr.=7  45  ;  T=1M.H  soc;  m»x  2a -0.2  inni. 
—  14  1 


IHixumawa 


Time  of  commencement^  1A  56"  12'. 

/Max.  2a=0.03  rum.  (E\V  Coinponcnt\ 
\  =0.09    „   (NS  „  j. 

The  instruments  at  Osaka  and  Mizusawa  are  horizontal 
pendulums  of  portable  form,  the  natural  oscillation  period  at 
Osaka  being  about  28  sec. 
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Preliminary  Note  on  the  Formosa  Earthquake  of 

March  17,  1906. 

By 

F.  Omori,  Sc.  D., 

Member  of  die  Imperial  Earthquake  Investigation  Committee. 


1.  Introduction.  The  Island  of  Formosa  is  preeminent- 
ly an  earthquake  country  ami  has  been  visited  within  the  last  2 
years  between  April  TJ04  and  April  11)00,  by  no  less  than  4 
destructive  shocks.  From  the  time  of  Teiseik~>,  a  Chinese  general 
who  occupied  the  island  in  the  middle  of  the  17th  century  at  the 
downfall  of  the  Min  dynasty,  there  were,  up  to  1000,  eighteen 
severe  earthquakes,  as  follows. 


NO. 

1 
2 

a 


10 


11 


DATE. 


Jail.  21,  1(555. 

 ,  1GG0. 

Nov.  1,  1720. 

Jan.  5,  1721. 


5     Jan.  27,  1736. 
Doc.  — ,  177C. 

7     July  20,  1702 

8 


July  — ,  1815. 
Oct.  — ,  1815. 


1810. 


Nov.  — ,  1840. 


LOCALITY. 


I 


REMARKS. 


Tainan. 


I  Many  people-  killed ;  mud  and 
\  water  ejected.  Shocks  continued 
Mor  more  than  10  days. 

Tainan,  Kagi,  Bhnka ...  {^nJ^0pl°  ^   T,'e  Wealher 

 Great  many  people  killed. 

{Fires  broke  out  after  the  earth- 

 j  quake,    more   than   100  pcoplo 

Mulled. 

Giran. 


Kagi. 


Tansui. 

/Houses  destroyed.     The  ground 

Giran  jwas  cracked,  and  in  some  places 

I  convulsed. 

fToro]tn  {  Houses  destroy ed.  Landslips  took 
 1  place. 
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P.  Ouiori  : 


NO. 


DATE. 


LOCALITY. 


REMARKS. 


12 


June  0,  1802. 


13     Dec.  18,  18G7. 


f  This  was  a  very  great  earthquake, 

Tainan,  Kagi,  SliBka-JH1  in  Ka8il.™°J8  *!fn  100<J 

'persons  were  killed    The  mount 

Daiscn  was  much  cracked. 

/Great  destruction  in  the  harbour 
lofKeehmg,  where  several  hundreds 
<of  people  were  drowned  by  the  sea 
J  waves.  Euormous  landslips  took 
'place. 


Keelung 


14 

June  7,  1901. 

15 

April  24,  1904. 

10 

Nov  G,  1901. 

17 

March  17,  190G. 

18 

April  14,  1900. 

Giran. 

Toroku  to  BanahoryO... 
Toroku,  Kagi,  Ensuiko. 
Kagi,  Toroku  


3  persons  killed,  13  wounded. 
145    ..         „    .118     „  . 


I26G 


Kagi,  Ensuiko  15 


,  247G 
,87 


Of  the  IS  earthquakes  given  in  the  above  table,  13  originated 
in  the  south -western  part  of  the  island,  namely,  in  the  Prefectures 
of  Toroku,  Kagi,  Ensuiko,  and  Tainnn.  The  5  other  earthquakes 
shook  the  north-eastern  part  of  the  island,  their  origins  being 
submarine. 

In  tin?  Imports  (Japanese)  of  the  Imperial  Earthquake  Investigation 
Coimintttr,  No.  54,  the  present  author,  who  visited  Formosa  in  Nov. 
1904.  has  given  a  full  account  of  the  two  destructive  earthquakes 
of  that  year,  together  with  the  results  of  the  seismographical 
measurements  made  at  the  different  observatories  in  the  island. 

EARTHQUAKE  OP  MARCH  17,  1900. 

a.  Uatnaoe.  The  earthquake  of  March  17,  190G,  at  0*  42" 
30'  A.M.,*  was  the  severest  which  shook  Formosa  in  recent  times, 
being  even  more  destructive  than  the  well-known  great  shock  of 
June  C>,  18G2.  The  numbers  of  the  houses  damaged  and  the 
casualties  were  as  follows  :  — 


•  UiTon  in  2nd  Xortnul  .Japan  Time,  or  that  of  longitude  12 i'  E  of  Greenwich. 
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Number  of  dwelling  houses  totally  destroyed   7,281 

partially    ,   :.ii.),021 

„  persons  killed   1,2(5(5 

,,       „  wounded   2,470 


As  far  as  the  loss  of  life  is  concerned,  this  earthquake  was, 
among  the  recent  Japan  shocks,  only  second  to  the  great  Mino- 
Owari  catastrophe  of  lS'Jl. 

Immediately  after  the  earthquake  of  March  17,  1900,  I 
proceeded  again  to  Formosa  and  was  aide,  amongst  other  things, 
to  compare  the  seismic  effects  on  this  occasion  with  those  in  Nov. 
11)04.  One  specially  interesting  feature  in  this  earthquake  was  the 
formation  of  remarkable  faults,  which  are  described  in  $  4. 

The  heavy  amount  of  the  casualties  was,  in  a  great  measure, 
due  to  the  weakness  of  the  native  dwelling  houses,  which  mostly 
have  no  capacity  of  resisting  earthquake  shocks,  being  built  of 
dokiku,  or  sun-dried  mud  blocks  of  dimensions  22  x 33  x 'J  ./cm., 
loosely  cemented  with  a  mortar  of  mud,  at  best  mixed  with  a 
small  quantity  of  lime.  The  consequence  of  such  a  bad  method 
of  construction,  joined  to  the  heaviness  of  the  roof,  is  that  the 
native  houses  are,  at  the  occurrence  of  a  violent  shock,  at  once 
shattered  to  pieces,  leaving  little  time  for  the  people  to  escape. 
The  easiness  with  which  the  <U;  iku  houses  arc  overthrown  may  be 
seen  from  the  fact  that  the  town  of  Dabyo  was  almost  entirely 
levelled  to  the  ground  with  the  exception  of  the  Sub-Prefeotural 
Office,  a  brick  one-story  building  with  a  two-story  tower,  which 
suffered  no  severe  damage  except  some  cracks  in  walls  and  the 
falling  down  of  part  of  the  roof  tiles.  Framed  timber  structures 
resist  earthquake  shocks  infinitely  better  than  the  d>hiku  houses, 
but  they  are  generally  exposed,  when  old,  to  a  great  danger  from 
the  ravages  of  white  ants,  which  literally  eat  up  the  wood. 
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Fig.  1)  .shows  the  ruined  condition  of  ;i  native  temple,  Maso- 
byo,  in  the  town  of  ShinkG,  the  destruction  of  the  building  being 
very  complete.  Fig.  8  gives  a  view  after  the  earthquake  of  the 
Sub-Prefectural  Office  in  the  same  town,  a  wooden  structure  with 
plastered  walls,  which  was  very  severely  damaged,  due  mainly  to 
the  vibration  of  the  front  tower,  but  was  not  overthrown  to  the 
ground. 

3.  lHo»el»ntalH.  The  earthquake  was  felt  all  over  the  Island, 
the  three  isoseismal  lines  in  Fig.  1  (PI.  XVI)  giving  approximate 
boundaries  of  the  areas  defined  as  follows  :  — 

(1)  Area  of  violent  motion,  in  which  the  damage  was  considerable. 

(2)  Area  of  severe  motion,  in  which  occurred  more  or  less  such 
damage  as  landslips,  cracks  of  the  ground,  partial  or  total 
destruction  of  a  few  buildings,  etc. 

(3)  Area  of  moderate  motion,  in  which  the  shock  was  moderately 
strong,  so  that  some  furnitures  were  overthrown,  pendulum 
clocks  were  stopped,  etc. 

Different  from  usual  cases  of  seismic  disturbances  in  Formosa 
the  longer  axe-;  of  the  isoseismal  areas,  especially,  Xos.  1  and  2, 
are  not  parallel  to  the  length  of  the  Island,  evidently  due  to  the 
fact  that  the  fault  and  the  epifocal  zone  was  oblique  to  the  latter. 

The  area  (1)  of  violent  motion  was  about  50*"  in  length,  from 
the  vicinity  of  the  town  of  I»aishik<">  on  the  east  to  the  city  of  ShinkO 
on  the  west,  and  about  30'"'  in  width  from  the  vicinity  of  the  city 
of  Kagi  on  the  south  to  that  of  the  village  of  Tarirnu  on  the  north. 
From  the  limited  extension  of  the  area  of  the  severe  motion,  it 
may  bo  inferred  at  once  that  the  earthquake  centre  was  not  deep 
below  the  surface,  as  was  in  fact  indicated  by  the  formation  of  the 
faults. 

H.    Vaults,    (^  e  PI.  XVII.)    The  main  fault  line  is  most 
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markedly  shown  at  its  eastern  end,  where  it  crosses  the  road  lead- 
ing from  the  town  of  Taihorin  to  Baishiko,  at  ahout  1*"  from  the 
latter  town.  The  fault  runs  here  in  the  direction  of  X  7V  K  and 
S  75  W,  the  south  side  being  depressed  0  feet  and  relatively  sheared 
('•  feet  westwards.  Fig.  ">  gives  a  general  view  of  the  fault,  the 
left-hand  (south)  side  heing  depressed  in  >uch  a  way  that  it  curves 
down  toward  the  plane  of  discontinuity.  Fig.  1  shows  how  the 
load  was  cut  off  and  displaced  at  its  intersection  with  the  fault. 
The  small  village  of  Bisho,  under  which  the  fault  passed,  was  com- 
pletely destroyed.  The  western  continuation  of  the  fault  passes 
across  a  hill  spur  and  appears  again  to  the  south  of  the  village  of 
Kaigenko,  at  ahout  1'"*  from  I'isho.  The  fault  then  runs  in  a 
mean  direction  of  N  To1  K  to  S  7.V  \\*  and  crosses  the  river  Sanjo- 
kei,  at  -V"  from  Kaigenko  and  ahout  Ym  to  the  S\V  of  tho  village 
of  Maenryo,  producing  a  4  fee!  dislocation  of  the  river  hed.  Then 
it  becomes  nearly  *\Y  in  direction  and  passes  between  the  villages 
of  Tensanshikiaku  ami  Kasanshikiaku,  meeting  finally  to  the 
south  of  the  latter  the  branch  fault  of  Chinsekiryo.  This  second 
fault  starts  at  about  half  a  kilometre  to  the  west  of  the  village  last 
named,  on  the  top  of  a  gently  sloping  hill  of  hard  clay,  and 
manifested  itself  first  as  a  remarkable  deep  crack  of  2  feet  width, 
the  depth  ascertained  with  a  bamboo  stick  being  11  feet,  (^ee  Fig. 
0.)  This  fault  is  nearly  in  the  K  W  direction  and  its  western  con- 
tinuation passes  through  cultivated  grounds,  cutting  at  right  angles 
a  series  of  potato  field  ridges,  which  latter  suffered  a  relative 
horizontal  displacement  amounting  to  the  interval  between  two 
successive  ridges,  so  that  each  of  the  latter  bee  one,  after  the  earth- 
quake, contiguous  to  its  former  neighbour.  The  fault  then  runs 
through  the  puddy  fields,  to  the  north  of  the  village  of  Toseiko, 
finally  reaching  the  city  of  PabyO,  beyond  which  the  disturbance 
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of  the  ground  ceases  to  be  apparent.  The  railroad,  which  runs  in 
an  N-S  direction  was  much  damaged  between  Dabyo  and  Kagi, 
especially  at  its  intersection  with  the  fault,  8  rails  being  consider- 
ably bent  and  a  number  of  rail  joints  torn  apart.  The  length  of 
the  main,  or  Baishiko,  fault  is  about  11*",  while  that  of  the 
branch,  or  ChinsekiryG,  fault  is  a  little  over  4*",  the  whole  length 
between  the  Dabyo  and  Baishiko  ends  being  }?>h'H. 

As  stated  before,  at  the  eastern  extremity  of  the  main  fault 
the  south-side  was  depressed  and  sheared  westwards.  But,  along 
the  whole  rest  of  the  fault  the  relation  was  reversed,  and  the 
depression  was  invariably  on  the  north  (or  NNW)  side,  the  shear 
being  always  eastwards.  The  maximum  amount  of  the  eastward 
shear  was  S  feet  and  occurred  at  the  village  of  Kaigenko  ;  while 
the  maximum  northward  depression  of  4  feet  occurred  at  the  last 
named  place,  and  also  at  and  near  the  crossing  of  the  fault  with 
the  Sanjokei  river.  Along  the  Chinsekhyo  fault,  the  depression 
was  also  always  on  the  north  side,  and  the  shear,  whose  maximum 
amount  was  5  feet,  was  eastwards.  In  this  case,  the  vertical 
dislocation  was  slight  and  less  than  1  foot,  being  often  indicated 
only  by  a  gradual  depression  which  caused  the  waters  in  the  puddy 
fields  to  be  collected  on  one  side  of  the  line  of  disturbance,  leav- 
ing the  other  side  dry. 

To  the  west  of  Dabyo  there  was  no  surface  manifestation  of 
tectonic  disturbance?.  But  it  seems  probable  that  there  exists  an 
underground  continuation  of  the  fault  for  about  12*"  in  the  direction 
of  west  slightly  south,  as  far  as  the  vicinity  of  the  city  of  Shinko. 
Along  the  zone  about  this  imaginary  fault,  which  is  marked  in  PI. 
XVIII  by  a  dotted  line,  there  was  an  ejection  of  large  quantity  of 
sand  and  water.  Especially,  in  the  vicinity  of  the  villages  of 
Tanshiken  and  Saikoseki,  the  ejected  sand  reached  a  thickness  of 
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more  than  two  feet  and  covered  wide  areas  sometimes  half  a 
kilometre  or  more  in  width.  (See  Fig.  7.)  The  enormity  of  water 
ejection  in  these  places  may  he  judged  from  the  fact  that  the  police 
authorities,  who  tried  to  rescue  people  from  under  the  ruined 
houses,  were  in  some  instances  prevented  from  immediately 
approaching  the  latter,  owing  to  the  large  quantity  of  mud  water 
which  Hooded  the  surrounding  grounds.  The  total  length  of  the 
fault  between  BaishikO  on  the  east  and  Tanshiken  on  the  west  is 
25**". 

5.  Ret  at  ion  to  the  Faults  of  the  Direction  of  {Vibratory) 
Motion.  Fig.  3  (pi.  XVIII.)  indicates  the  general  course  of  the 
faults,  the  directions  of  the  (vibratory)  motion  at  the  different 
places,  and  the  boundary  of  the  area  of  the  severest  shock.  This 
latter  area  is  slightly  different  from  that  bounded  by  the  line  (1)  in 
Fig.  1,  and  includes  those  towns  and  villages,  in  each  of  which 
more  than  50  dwelling  houses  were  completely  destroyed  or  more 
than  15  persons  were  killed. 

The  directions  of  motion  at  the  different  places  in  this 
meizoseismal  area  determined  from  overthrown  bodies,  were  as 
follows  :  — 

Kagi    ...   Toward  ESE. 

Shinko   „  ENE. 

Suigiuseki    ,,  SE. 

Seiho     E. 

Dabyo   „      E  slightly  S. 

Baishiko    , ,  S^E. 

Thus  it  will  be  seen  that  the  earthquake  motion  in  the 
meizosoismal  area  was  not  perpendicular  to  the  fault  zone,  hut 
was,  on  the  whole,  directed  from  the  western  to  the  eastern  end  of 
the  latter,  in  the  same  sense  as  the  shear  of  the  depressed  side, 
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with  tho  exception  of  the  eastern  extremity  of  the  main  fault. 
This  seems  to  indicate  thai  the  tectonic  disturbances  wero  tho 
result  of  the  existence  in  this  part  of  the  earth's  crust  of  a  pres- 
sure or  shearing  forces  in  a  driection  nearly  transverse  to  the 
longer  axis  of  the  island  of  Formosa,  which  finally  produced  tho 
faults,  such  that  the  first  shock  or  sudden  movement  of  the  ground 
was  westwards,  and  the  counter  or  greatest  one  eastwards. 
Probably  both  sides  of  the  fault  zone  were  displaced  eastwards,  tho 
shear  of  the  depressed  side  being  the  differential  amount  due  to  the 
greater  eastward  displacement  of  the  latter. 

The  disturbances  of  the  ground  along  the  two  faults  above 
described  were  similar  to  those  observed  in  other  cases,  the  depres- 
sion and  the  horizontal  shear  being  generally  combined.  There 
were  also  the  usual  secondary  shear  cracks,*  whose  inclination  to  the 
course  of  the  dislocation  zone  was  on  the  average  about  43\  At 
some  places  along  the  main  fault  there  were  marked  forcing  up  of 
the  ground,  due  to  the  coexistence  of  compression.  On  the  other 
hand,  the  wide  crack  which  appeared  near  Chinsekiryo,  was  tho 
result  of  a  tension  or  a  tendency  to  tear  ashuuder  the  two  sides  of 
the  fault  plane. 

0.    Probable   fkmtteard   Fixtettaion   of  the   Fault.  The 

boundary  of  the  meizoseismal  area  given  in  PI.  XVIII.  is  evidently 
not  complete  and  represents  only  the  western  half,  the  eastern  half 
including  mountainous  regions  inhabited  by  the  savages,  whence 
we  could  get  no  earthquake  reports.  Thus  it  is  extremely  likely 
that  the  main  fault  did  not  end  at  the  vicinity  of  Baishiko,  but 
was  continued  eastwards  amoung  the  mountains  for  a  further  dist- 
ance of  20  or  25*".    This  supposition  consistently  explains  why  the 


•  S.w  the  BuUttin,  Xo.  1,  p.  13. 
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depression  and  shear  phenomena  at  the  eastern  end  of  the  Dabyo- 
Baishiko  fault  zone  were  opposite  ti»  those  along  the  rest  of  tho 
latter.  The  fact  was  prohahly  as  follows  :  —  the  fault  had  an  exten- 
sion of  ahout  oO*"  and  its  most  central  point  was  hetween  liisho 
and  Kaigcnko,  the  amount  of  the  disturbances  being  greatest  near 
these  two  places  ;  further,  along  the  western  half  of  the.  zone  in 
question  the  ground  on  the  north  side  was  depressed  and  sheared 
eastwards,  while  along  the  eastern  half  the  ground  on  the  south 
side  was  depressed  and  sheared  westwards.    (See  the  next  Article.) 

The  most  central  point  of  the  epifocal  zone  as  sssumed  ahove 
may  prohahly  be  taken  to  be  between  the  villages  of  liisho  and 
Kaigenko,  say.  at 

[Latitude,     2;r  :>V  N. 

7.  Duration  of  the  Preliminary  Tremor.  The  approximate 
position  of  the  centre  of  the  earthquake  may  also  be  inferred  from 
the  duration  (.7)  of  the  preliminary  tremor  recorded  by  Omori 
Horizontal  Pendulums  at  the  different  meteorological  observatories 
in  Formosa.  The  epicentral  distance  (*)  in  the  following  table 
have  been  calculated  by  the  formula* 

xk'  =  ~:21  y  fV  +  38'". 

EarthVukc  of  M,mh  ,17,  1000. 


Place. 

Duration  of  Piel. 
Tremor =1^. 

Epicentral 
Distance—.*?. 

Tailiokn  

•27.5  see. 

288  km 

Taiclm  ...     

y.o 

104 

Tainnn   ...    ...    ...    ...  ... 

8.7 

101 

Hokoto   

11.5 

122 

•  The  I'aUieminu*.  Xo  IX 
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Tho  circles  drawn  upon  a  map  of  Formosa  about  these 
four  places  with  radii  respectively  equivalent  to  the  calculated 
values  of  the  cpicentral  distances  enclose  an  area,  whose  centre 
roughly  coincides  with  the  region  midway  between  the  cities  of 
Dabyo  and  Baishiko. 

8.  The.  Tteo  Severe  Earthquake*  In  1004.  The  earthquake 
on  the  early  morning  of  Nov.  0,  1004,  at  4h  25m.  caused  a  large 
amount  of  damage  in  the  three  prefectures  of  Toroku,  Kagi,  and 
Ensuiko,  the  casualties  and  the  number  of  houses  damaged  being 
as  follows. 


Prefecture. 

Casualties. 

Number  of  Houses  damaged. 

Killed. 

Wounded. 

Totally 
destroyed. 

Greatly 
damaged. 

Slightly 
damaged. 

Kagi   

183 

182 

425 

1021 

1458 

Toroku   

10 

1G 

62 

(50 

517 

Ensuiko  

2 

0 

8 

4 

5 

Sum   

145 

148 

490 

1085 

1975 

Tims  the  number  of  tho  killed  was  nearly  equal  to  that  of  the 
wounded,  which  is  much  different  from  what  is  usually  the  case  in 
which  the  number  of  the  wounded  much  exceeds  that  of  the 
killed.  According  to  the  above  table,  1  person  was  killed  for  every 
3.4  houses  totally  destroyed.  This  ratio  is  much  smaller  than 
what  takes  place  in  Japan  proper:  thus,  for  instance,  in  the  great 
Mino-Owari  earthquake  of  1891,  there  was  1  person  killed  for  every 
1 1  houses  totally  destroyed.  These  peculialities  in  the  Formosa 
earthquake  are  evidently  due  to  the  bad  construction  of  the  native 
houses  in  the  island,  as  remarked  in  §  2.  As  can  easily  be 
demonstrated,  a  very  bad  material  of  construction,  which  possesses 
no  tensile  strength,  has  a  very  serious  defect,  namely,  it  causos 
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Fig.  1.    Map  Showing  the  Isoseisraal  Lines  of  the  Earthquake 

ofMoich  17,  LH)6. 
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The  lJfiisl)ikft  Fault. 


Fig.  \.  Sh-ar  of  the  Taihuriu-liuUhiko  lioad  ;  the  foreground  (southern  nid« )  sunk  ft  f<-«>t 
ami  ws»  ilisj  I  n-ill  ft  fe*t  westward*.    (  X  )  Mark  the  former  continuation  of  the  road. 


Fix  "».  'Jeueral  view  of  th"  Fault  fr  >m  suu'.h-eaat.  The  lelt-harul  (*>uthern>  siih'  wm 
depleted  ft  foet,  a\»\  mi;  down  towards  the  fault  line. 


by  Google 


Cliinnekiryo  Fault :  a  wi<l«t  ernc.k  foruntl  on  a  Hat  lull-lop  ground,  the  depth 
luting  mora  than  II  feet.    A  2  ft.  BCale  placed  tu  roan  tht'  opening  shown  the  width. 


Fig.  7.  <;reat  Sand  Kruption.  near  tbc  Tillage  of  Saikoscki.  The  cultivated  ti-vh  u.f 
COTerad  with  sand  to  a  depth  of  2  ftet. 


Fijj.  8.  The  New  Sub-l'tvfectural  Office  Shinko,  showing  the  effects  of  vibpition  <>f  the 
fr.mt  tower.    The  building  was  of  wood,  with  plastered  walls. 


Fi»».  9.  The  native  Maso  Temple,  in  the  city  of  Shinko.  The  building  was  completely 
destroyed  owing  to  bad  ma  onry  and  weakness  of  wooden  timbers  on  account  of  raritpei  of 
white  unit.. 
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the  seismic  stability  of  the  wall  to  be  nearly  independent  of  the 
thickness;  very  thick  walls  of  the  Formosan  il&aku,  therefore, 
being  thrown  down  by  earthquake  shocks  quite  as  easily  as  thin 
ones.  Had  the  same  earthquake  taken  place  in  small  towns  of 
Japan  proper  the  casualties  would  have  been  very  slight.  The 
intensity  of  motion  in  the  most  strongly  shaken  area  was  nearly 
half  of  that  at  (  Jifu  or  Ogaki  on  the  occasion  of  the  Mino-Owari 
earthquake. 

In  Formosa  there  are  also  a  large  number  of  houses  or 
cottages,  built  of  bemboo,  with  very  light  roofs.  These  were  of 
course  not  damaged  by  the  earthquake.  Wooden  buildings  in 
ordinary  Japanese  style  also  received  no  particular  damage,  except 
cracking  of  plastered  walls  and  the  disturbances  of  roof  tiles. 

The  area  of  destructive  motion  was  a  narrow  zone,  whose 
length  and  breadth  were  about  57  and  23'""  respectively.  This 
zone,  whose  longer  axis  was  in  a  NXE-SSW  direction,  stretched 
from  the  vicinity  of  the  town  of  Toroku  on  the  north  to  the 
vicinity  of  the  village  of  Shin-eisho  in  the  south  ;  the  shock 
having  been  strongest  in  the  district  between  the  towns  of 
Shinko  and  Kagi,  at  the  middle  of  the  area  under  consideration, 
or  at  about  lat.  23°30'  N,  and  long.  120°20'  E. 

The  earthquake  of  April  24,  1004,  at  2  30"  P.M.  which  also 
disturbed  the  south-western  part  of  Formosa,  was  not  so  violent  as 
that  of  Nov.  G,  but  its  area  of  disturbance  was  much  larger,  and 
the  zone  of  severe  motion,  whose  length  and  breadth  were  123  and 
32*"  respectively,  ran  in  a  NNE-SSW  direction  from  the  vicinity 
of  the  town  of  Toroku  on  the  north  to  the  vicinity  of  Banshoryo 
and  Hozan  on  the  south. 

The  position  of  the  centre  of  each  of  the  two  earthquakes  of 
April  24  and  Nov.  G,  1901,   may  also  bo  determined  from  the 
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duration  of  the  preliminary  tremor  observed  at  the  different  places, 
the  epieentral  distance  being  calculated  by  the  same  formula  as 
that  given  in  $  7. 


Kurth.-iuah-  of  April  24,  11)04- 


Place. 

Duration  "f  Pi'cl. 
Tremor-//. 

Kniccntrnl 
Distmice=.r. 

Taihokn  

Taichn   

Taito   

Ilokoto   

•  .  .        ...  ... 

...        # .  .  ... 

■*«        . *•  ... 
...        ...  ... 

28.7  a/r. 
11.4 
12.8 
12.7 

240  km. 
120 
131 
ISO 

Em-lhquake  of  Nor.  ('»,  1004. 

Place. 

Duration  of  Prol. 
Tremor-//. 

Epieentral 
Distance =.r. 

Taihokn  

Taiclm   

Taiuan   

Taito   

1 Iokoto   

...        •  ■  ■  ••■ 
•  ■*   

28.8  arc. 
11.2 

8.8 
15.5 

9.0 

240  km. 
119 
1)8 
150 
103 

The  circles  drawn,  for  each  of  the  two  earthquakes,  about 
the  different  places  with  the  radii  equivalent  to  the  corresponding 
epieentral  distances  enclose  an  area,  whose  centre  approximately 
coincides  with  the  middle  of  the  meizoseismal  zone  already 
mentioned. 


9.  Relation  of  the  Ear* hqnake  of  March  17,  1000,  with 
those  in  1904.*  The  violent  earthquake  of  Nov.  G,  1004,  was 
small  in  area,  and  its  epifocus  had  a  length  of  only  57'"  nearly 
coinciding  with  the  northern  half  of  that  of  the  earthquake  of 

•  The  tiu>es  ate  given  in  tliat  of  long.  120°  E.  of  Greenwich. 
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April  24  in  the  same  year,  whoso  epifocal  /.one  hail  a  length  of  12ir\ 
Thus  tin-  April  earthquake  was.  in  magnitude,  2  or  ?>  times 
greater  than  the  November  one,  while  the  intensity  of  motion  in 
the  latter  was  very  much  higher  than  in  the  former,  the  difference 
in  the  amount  of  the  damage  and  casualties  heing  also  consider- 
able.' It  is  evident,  therefore,  that  the  focus  of  the  1st  earth- 
quake was  deep,  while  that  of  the  2nd  was  shallow.  The  two 
seismic  foci  may  diagrammatically  be  represented  by  the  two  lines 

S    ^  N 

Fig.  10. 

B   

A  

A  and  li  respectively  (Fig.  10).    It  is  probable  that  the  second 
earthquake  was  in  some  way  connected  with  the  first. ;  and,  as  the 
direction  of  the  maximum  displacement  at  the  different  places  was 
in  the  2nd  earthquake  generally  directed  /.w.ir.l  the  epifocus, 
which  implies  an  initial  outward  motion,  the  cause  of  these  two 
shocks  was  probably  the  sudden  formation  in  an  X-S  direction  of 
an  underground  cavity,  the  2nd  earthquake  being  due  to  an 
upward  extension  of  the  latter  at  its  northern  part.    Thus  it  was 
to  be  inferred  that  the  earthquake  of  Nov.  0,  1901,  was  only  a 
disturbance  which  marked  an  intermediate  stage  in  the  develop- 
ment of  the  seismic  activity  along  the  zone  under  consideration, 
leaving  a  possibility  of  the  occurrence  of  a  final  destructive  shock, 
whose  origin  would  be  quite  near  the  surface  and  at  the  northern 
end  of  the  epifocal  zone  of  the  earthquake  of  April  24,  1904. 


•  Ti  e-e  two  oirth  luafces  are  Xca.  15  and  10  tfircn  in  the  Table*,  §  1. 
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From  these  considerations,  and  also  because  such  severe  but  local 
shocks  as  those  which  happened  in  the  south-western  part  of 
Formosa,  often  take  place  successively  at  neighbouring  places  in 
the  course  of  a  few  years,  I  stated  at  the  time  of  my  visit  to 
Formosa  in  the  end  of  1004  that  the  districts  about  Kagi  might  be 
visited  after  some  years  by  a  third  shock,  against  which,  however, 
it  would  be  possible  to  make  structures  earthquake-proof,  provided 
proper  cares  be  taken  in  the  building.*  My  anticipation  was,  in  a 
measure,  fulfilled  by  the  occurrence  of  the  earthquake  of  March 
17,  1000,  although  its  epifocal  /one  was  at  right  angles  to  those  of 
the  two  preceding  ones. 

After  the  occurrence  of  the  destructive  shock  of  March  17, 
accompanied  \>y  the  formation  of  remarkable  faults,  it  was  to  be 
expected  that  the  next  severe  shock,  if  any,  would  rather  have  its 
origin  displaced  southwards  and  at  a  greater  depth  such  that  the 
surface  intensity  would  not  be  so  very  violent.  I  have  stated  this 
view  in  a  Tainan  daily  newspaper,  the  "Tainan  Shinpo,"  of 
April  13,  1000,  and  on  the  next  day,  April  14,  there  took  place 
an  earthquake,  nearly  as  extensive  as  that  of  March  17,  the  origin 
however,  having  been  displaced  about  10  miles  towards  the  south, 
m)  that  the  city  of  Kagi  was  now  it  the  northern  limit  of  the  area 
of  destructive  motion.  The  position  of  the  origin  of  the  earth- 
quake of  April  14,  which  was  accompanied  by  no  surface  fault, 
was  approximately 


lO.    Periodic   Repetition*   <>f  Strong  Afler-ahockg.  The 

violent  earthquak  of  March  17,  1000,  was  followed  by  numerous 

•  F.  Omori :  "  oa  the  Earthquakes  in  Form  ll  pyrtt  (Japane*j)  of  the  Imperial  I'.  irlh- 

H»ake  Itiihtthjition  Committee,  Xo.  54. 
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after-shock*,  attended  by  the  usual  phenomena  of  sound.  What 
was  very  peculiar  in  this  case  was  the  abnormal  severity  of  many 
of  these  subsequent  shocks,  some  of  which,  like  the  severe  earth- 
quake of  April  14,  was  in  reality  not  an  after-shock  at  all,  but 
rather  a  separate  manifestation  at  a  different  place  of  the  same 
seismic  activity  which  caused  the  first  great  shock.  The  following 
table  gives  a  list  of  the  more  prominent  among  tho  after-shocks, 
which  occasioned  more  or  less  damage. 


Date. 

Tiuio  of 

Number  of 

No. 

1900. 

occurrence 
at  tho  origin.* 

Piefccturc. 

Killed. 

Wounded. 

House* 
totally 
destroyed. 

Houses 

l<artially 
destroyed. 

Initial  Eq. 

March  17    6.  4*  30  A.M. 

j 

1  Toroku. 
}  Kagi. 
'  EnsuikO. 

Jl 
1237 
1 

35 
233H 
5 

254 
5345 
t» 

2'J3 
21KK) 
40 

1  1 

March  SK  11.39.20  A.M. 

)  Toroku. 
V  Kagi. 

0 
1 

4 
1 

10 
4 

17 

2G 

2 

April 

4    8.  42.  00  P.M. 

Kagi. 

0 

0 

5 

I 

5 

April 

N 

f.    2.  58.  00  A.M. 
7    0.  52.  40  P.M. 
b    ti.  3D.  40  A.M. 

\    Katf.  0 
/  Ensuiko.  1 

4 

3 

■M 

ia 

59 
35 

; 

April 

1 

!4    3. 18.00  A.M. 
..     7. 52  00 

Kagi. 
\  Toroku. 
1  Ensuiko. 
1  Tainan. 
I  BanshoryC. 
1  Uozati. 
)  Shaki. 
Taichu. 

y 
l 

3 
0 

0 
0 

° 

56 
4 

17 

3 

4 

<> 

1 

0 

820 
31 

t> 
4 

■ 

1320 
65 
482 
25 

'? 

1 
1 

It  may  here  be  noted  that  the  study  of  the  after-shocks  of  the 
Mino-Owari  and  other  recent  large  Japan  earthquakes  has  shown 
the  existence  of  a  series  of  periods  in  the  variation  of  the  number 
and  intensity  of  those  shocks,  the  most  well-defined  ones  being 
4£  days,  8  or  \)  days,  about  12  days,  and  about  33  days,  in  length. 


•  Times  are  given  in  that  of  longitude  120°  F. 
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Of  these,  the  first  is  evidently  the  fundamental  period,  and  the 
others  are  probably  its  multiples.*  I  have  recently  examined  the 
variation  from  day  to  day  of  the  atmospheric;  pressure  for  Tokyo, 
Gifu,  and  for  whole  Japan,  and  found  the  periods  of  4.0  days, 
9.0  days,  and  34  days.  It  thus  seems  highly  probable  that  the 
different  periods  in  the  seismic  frequency  above  mentioned  are 
due  to  the  fluctuations  in  the  harometric  pressure.! 

Now  what  is  very  interesting  of  the  after-shocks  of  the 
Formosa  earthquake  of  March  17,  1900,  is  the  regularity  with 
which  strong  shocks  happened  successively,  the  period  being  that 
of  9  days.  Thus  the  first  strong  after-shock  (No.  1  in  the  fore- 
going table)  took  place  on  March  2(5,  about  9  days  5  hours  after 
the  initial  violent  earthquake.  As  this  circumstance  seemed  to 
indicate  the  predominance  of  the  9-days  periodicity,  I  predicted 
the  possible  repetitions  of  strong  after-shocks  at  this  interval.  This 
was  practically  verified,  and  the  next  severe  shock  (No.  2) 
occurred  on  April  4,  about  9  days  9  hours  after  the  first  (No.  1), 
the  strong  shocks  Nos.  3,  4,  and  5  being  regarded  as  forming 
a  group  with  No.  2.  Thus  the  inhabitants  in  the  city  of 
Kagi  and  other  places  began  to  put  great  faith  in  the  period- 
icity of  the  recurrence  of  seismic  phenomena,  such  that  on  the 
night  of  April  13,  which  happened  to  be  9  days  after  April  4, 
the  date  of  the  shock  No.  2,  many  people  anticipated  the 
occurrence  of  a  strong  disturbance  and  did  not  go  to  sleep.  As  a 
matter  of  fact  there  took  place  the  next  morning  two  very  severe 
earthquakes,  the  time  interval  in  this  case  being  9  days  7  hours. 

•  V.  Omori:  "The  After-shocks  of  EnrtliqunkeH."  Jour.  Co'.:.  Sc..  Imp.  Univ.  Tokyo.  Vol. 
VII.  Part  I'. 

t  F.  Omon  :  "On  long-periods  Variations  of  the  Atmospheiic  Pleasure  '  Jtfporlt  (Japaoc^). 
of  the  Imp.  Earthquake  Invettigtitiou  Committer,  So.  37. 
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The  earthquake  No.  7,  which  was  the  strongest  among  the  after- 
shocks, apparently  restored  the  equilihrium  of  the  disturbed 
earth's  crust  in  this  part  of  Formosa,  there  being  no  subsequent 
severe  shock. 

Tokyo. 

January  11)07. 
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Comparison  of  the  Faults  in  the  Three  Earthquakes  of 
Mino-Owari,  Formosa,  and  San  Francisco. 

F.  Omori,  Sc.  D., 

Member  of  the  Imperial  Etu  thcjiiako  Investigation  Committee. 

The  three  great  earthquakes  of  Mhio-Owari  (Central  Japan)  on 
Oct.  28,  1891,  of  Kagi  (Formosa)  on  March  17,  1900,  and  of  San 
Francisco  on  April  18,  1900,  were  each  accompanied  hy  the  forma- 
tion of  remarkahle  faults,  whose  total  lengths  were  ahout  100,  50, 
and  430'"  respectively.  The  dislocation  in  the  San  Francisco  earth- 
quake w;is  formed  partly  along,  and  partly  off,  the  west  coast  of 
California,  belonging  to  the  category  of  longitudinal  faults.  The 
dislocations  in  the  Mino-Owari  and  Kagi  earthquakes  were,  on  the 
other  hand,  formed  nearly  at  right  angles  to  the  course  of  the 
Main  Island  (Nippon)  and  the  axis  of  Formosa  Island  respectively, 
both  belonging  to  the  category  of  transverse  faults.  Notwithstand- 
ing these  differences,  there  are  certain  similarity  among  the  three 
cases.  Thus,  in  each  earthquake,  the  direction  of  motion  at  dif- 
ferent places  in  the  immediate  neighbourhood  of  the  fault  was  not 
perpendicular,  but  more  nearly  parallel,  to  the  latter.  This  seems 
to  indicate  that  the  formation  of  the  faults  wa?  mainly  due,  in  each 
case,  not  to  such  actions  as  the  simple  falling  down  or  sudden 
creation  of  a  cavity  underground,  but  to  the  existence  of  shearing 
stresses  in  the  plane  of  fracture,  possibly  of  two  opposing  forces 
acting  either  from  the  centre  toward  both  ends  of  the  fault  line,  or 
toward  the  centre  from  both  ends. 


Digitized  by  Google 


F.  Ouiori ;    Comparison  .  f  tho  Faults. 


71 


The  accompanying  figure  is  a  diagrammatic  illustration  of  the 
3  faults,  the  Line  "/>  indicating,  in  each  case,  a  straight  line  (say, 
road)  which  suffered  a  shearing  movement  in  such  a  way  that  the 
part  l>  on  the  depressed  side  was  displaced  to  the  new  position  b\ 
being  generally  transformed  into  a  curve. 

From  the  figure  it  will  be  seen  that  there  existed  in  each  fault 
what  may  be  called  the  central  point,  where  the  disturbance  of  the 
ground  is  greatest  and  about  which  the  shear  and  depression  along 
the  line  of  dislocation  is  more  or  less  symmetrical. 


a 


:  / 

b  V  a 

Foil  lino  Fault  (a/crrtai/i*di. 

Dotted  line  Probablt  continuation  of  fault. 

Shaded  part  Depressed  region. 

Lightly  ihnded  part..   ProbtiMe  depression. 

Arrow  Direction  ot  nmiiinum  (vibratory)  u-.otion. 
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In  tlu»  ease  of  the  Mino-<  hvari  earthquake  the  central  point 
was  in  the  vicinity  of  the  village  of  Midori  in  the  Xeo- Valley, 
whore  a  very  remarkable  depression  of  the  ground  took  place. 
The  corresponding  point  on  the  Formosa  fault  was  between  the 
villages  of  Risho  and  Kaigonko.  In  the  San  Francisco  earthquake 
the  northern  half  of  the  fault  was  under  the  ocean,  but  the  central 
point  was  probably  in  the  vicinity  of  the  Tomales  Bay,  the 
greatest  amount  of  disturbance  having  occurred  there. 

The  greatest  vertical  dislocation  of  18  feet  occurred  in  tho 
Mino-Owari  earthquake,  while  the  greatest  horizontal  shear  occurr- 
ed in  the  San  Francisco  earthquake.  The  latter  has  shown  a 
vertical  displacement  of  only  1  or  2  feet,  while  the  former  was 
accompanied  by  a  large  horizontal  shear  of  about  IS  feet.  Iu  the 
Formosa  earthquake,  whose  magnitude  was  much  smaller  than  the 
other  two,  the  vertical  and  the  horizontal  displacements  of  the 
ground  were  each  of  a  moderate  scale,  the  maximum  amounts  being 
0  and  «s  feet  respectively. 

The  maximum  vibratory  motion  in  the  Mino-Owari  earth- 
quake showed  a  tendency  of  being  directed  from  the  central  point 
towards  both  ends  ;  while,  in  each  of  the  two  other  earthquakes, 
the  same  motion  was,  as  far  as  can  be  ascertained,  directed  from 
one  end  towards  the  centre.  Again,  the  direction  of  the  max- 
imum (vibratory)  motion  was,  in  the  Formosa  earthquake,  the 
same  as  that  of  the  shear  of  the  depressed  ground.  In  the  two 
other  earthquakes,  however,  the  reverse  was  the  case.  These 
differences  are  probably  due  to  the  diversity  in  the  manner  of  the 
action  of  the  force  along  the  fault  plane  which  finally  produced  the 
dislocations. 
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of  April  14,  1906. 

By 

F.  Omori,  Sc.  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

!•  The  time  of  occurrence  of  the  severe  Formosa  earthquake 
in  the  morning  of  April  14.11)00,*  has  heen  exactly  observed  by  the 
present  writer  with  a  chronometer  watch,  at  Taichc  whose 
epicentral  distance  is  about  00*".  The  earthquake  was  also  satis- 
factorily registered  by  the  Omori  Horizontal  Pendulums  at  Tokyo, 
whose  epicentral  dis  ance  is  1710*"  or  15. c4.  The  limes+  of 
occurrence  at  these  two  places  were  as  follows  :  — 

(Tokyo  8A  50-  40*  A.M. 

ITaiehu  8   .>2    22     , , 

Difference    4m  24' 

As  the  difference  of  the  epicentral  distances  of  the  two  place* 
is  1020*",  we  obtain  a  mean  transit  velocity  of  0.15*"  per  sec. 

*.  The  above  earthquake  was  preceded  by  another  shock  of 
nearly  an  equal  extension,  whose  time  of  occurrence  observed  at 
the  Meteorological  Observatory  of  Taichu  was,  with  proper  time 
corrections,  4*  J 8"  20*  A.M.  The  time  of  the  same  earthquake 
registered  by  the  seismographs  at  Tokyo  was  4A  22"  20'  A.M.* 
From  these  observations  we  obtain  :  — 

jTime  difference  between  Tokyo  and  Taichu=4"  0'. 

1  Mean  velocity  „       ,,       ,,     =0.75*"  per  sec. 

♦  These  time*  are  pit.  n  in  th»r  of  lonpituile  135'  fc\ 
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Supposing  tin?  value  of  the  transit  velocity  given  in  §  1  to 
be  twice  as  accurate  as  that  given  in  §  'J,  and  taking  the  mean,  wo 
obtain  :  — 

velocity  =0.85*"  per  sec. 
This  value  which  relates  to  the  distance  difference  between 
the  epkvntral  arcual  length  of  0.c8  and  15. °4,  although  it  is  the 
result  of  calculation  by  the  difference  mclhol,  is  really  that  calculated 
by  the  direct  method,  as  one  of  the  places  taken  for  comparison, 
namely,  Taichu,  was  quite  near  the  earthquake  origin. 
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Notes  on  the  Valparaiso  and  Aleutian  Earthquakes  of 

Aug.  17,  1906. 

By 

F.  Omori,  Sc.  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

1.  Introduction.  It  is  a  qui  to  remarkable  fact  that,  on 
Aug.  17,  1000,  almost  simultaneously  with  the  great  Valparaiso 
earthquake  there  was  another  large  shook  off  the  Aleutian  Islands. 
As  will  he  seen  from  later  the  Valparaiso  shock  occurred  at  0* 
40"  O.V  ((J.M.T.),  the  approximate  position  of  the  origin  being  <f= 
:U5  S,  /=7:;J  YV.  The  other  earthquake  took  place  28"  21*  earlier, 
or  at  0''  11"  44'  ((  I.M.T.),  the  origin  being  approximately  at  f=50° 
N,  ^=175  E.  As  will  be  seen  from  Fig.  1,  the  latter  position  is 
on  the  outer  side  of  the  Aleutian  Islands  are,  where  the  sea 
bottom  quickly  de-cends  to  the  north  Pacific  basin  whose  depth  is 
over  7000  metres.  The  topography  of  the  vicinity  of  the  origin  of 
the  Valparaiso  earthquake  is  also  highly  characteristic,  there  being 
a  marked  contrast  between  the  depth  of  the  water  and  the 
elevation  of  the  mountains.  Thus,  there  is,  quite  close  to  the 
coast,  the  Chile  basin,  where  the  water  depth  is  over  7000  metres, 
(Fig.  2),  while  the  peak  of  Aconcagua,  in  the  Andes, reaches  an 
elevation  of  0070  metres. 

The  Aleutian  earthquake  furnishes  an  instance  of  the  seismic 
manifestation  along  the  exterior,  or  convex,  side  of  an  arc  formed 
by  a  series  of  islands  or  mountain  chains,  such  side  being  generally 
much  steeper  than  the  inner,  or  concave,  side.  The  Japanese 
Islands,  the  Himalayan  mountains  and  the  two  islands  of  .lava  and 
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Sumatra  are  other  good  examples  of  the  relation  of  the  seismic 
activity  to  the  curvilinear  topographical  form.* 

2.    Relation  between  the  Valparaiso  and  Aleutian  Karth- 

quah<x.  The  centres  of  the  two  earthquakes  of  Valparaiso  and 
Aleutian  Islands  are  separated  hy  an  arcual  distance  of  1 2('»°  ;">(>', 
or  hy  a  little  more  than  two-thirds  of  the  earth's  semi-circumference. 
The  interesting  feature  is  that  these  two  disturhances  were  no  in- 
dependent phenomena,  hut  were  simultaneous  manifestations  of 
seismic  energy  at  both  ends  of  the  great  earthquake  zone  extend- 
ing along  the  whole  Pacific  coast  of  North  and  South  America. 

The  latter  zone  is  indicated,  in  Fig.  3.*  hy  a  line  marked  5  ('», 

the  numerals  1,  2,  3  and  4,  indicating  the  approximate  positions 
of  the  different  previous  earthquakes,  as  follows  :  — 

(1)  Alaska  Earthquakes  of  1899  and  1900. 

(2)  Mexico  and  Central  America  earthquake?  of  1000 

and  1002. 

(3)  Panama,  Columbia  and  Kquador  earthquake  of 

1900. 

(1)  Ran  Franeitco  earthquake  of  KtOO. 

5  and  0  indicate  respectively  the  origins  of  the  Aleutian  and 
Valparaiso  earthquakes.  The  position  of  the  centre  of  the  first  of 
the  last  mentioned  disturbances  is  near  to  the  Kuriles  and  Hokkai- 
do and  may  he  regarded  as  the  approach  to  the  north-eastern 
part  of  Japan  of  the  great  seismic  activity  already  manifested  along 
the  other  side  of  the  Pacific.  The  successive  occurrence  of  large 
destructive  earthquakes  along  the  zone  extending  from  the  north 


•  Tln'So  relations  have  boon  discus-ed  in  detail  by  th*  present  Author  in  tho  I!>pjrti 
(J«j>un«so)  of  ihi-  Imp.  K  tt  t!»iitnl.c  Jnr.  Com.,  No.  49.    Soo  also  tho  next  Article. 
Fi^s.  1  and  -  nro  l-a^il  on  "  Still<  r  Ozenn  "  edited  by  Soownrte  (Uauibur^;). 
Z  '11  i*  is  ii  slight  Modification  of  Fi^.  20,  givoi  on  page  2.',  .  f  tho  Katleliu,  Xo.  !. 
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Mediterranean  to  the  Himalayas,  and  possibly  to  Formosa,  lias 
already  been  noted  in  the  Hull  tin,  No.  1.* 

».  NeiBHtogram*.  As  stated  before,  the  Aleutian  earthquake 
occurred  nearly  half  an  hour  before  the  Valparaiso  earthquake. 
The  motion  due  to  the  latter  disturbance  was.  therefore,  in  the 
seismograph ic  records  partly  confused  by  that  due  to  the  former. 
In  the  seismograms  obtained  at  the  different  Japanese  stations, 
however,  this  circumstance  caused  no  mistake,  as  the  commence- 
ment of  this  Valparaiso  earthquake  was  clearly  indicated  by  the 
appearance  of  small  quick  vibrations  usually  marking  the  1st 
preliminary  tremor  of  the  seismic  motion  The  Vicentini  seismo- 
gram  obtained  at  Manila  also  shows  clearly  thu  vibrations  due  to 
the  Chilian  earthquake- 

I  have  here  to  express  my  thanks  to  the  Directors  of  the 
Observatories  of  Osaka,  Manila,  Ximeniano,  Querce,  and  other 
places,  who  have  kindly  supplied  me  with  the  copies  of  the  seismo- 
grams  relating  to  the  two  earthquakes  in  question. 

Most  of  the  observers  in  Europe  have,  in  the  analysis  of  the 
seismograms,  mistaken  the  first  or  Aleutian  Earthquake  for  that 
of  Valparaiso,  the  only  exceptions  as  far  as  I  knoAv  being  Padre 
Alfani  and  Professor  Wieehert.  Padre  Al"ani  has  written  a  note  on 
the  results  obtained  at  the  Ximeniano  observatory,  giving  0''  58" 
15*  (G.M.T.)  for  the  commencement  of  the  2nd  (Valparaiso)  earth- 
quake^ Professor  Wieehert  gives  1A  l.T  W  (G.M.T.)  for  the 
corresponding  phase  of  motion  observed  at  (Jottingen. 

I  give  next  the  result  of  the  analysis  of  the  seismograms 
obtained  at  Tokyo,  Osaka.  Manila,  and  Querce.    As  usual,  the 

•  See  also  next  Article. 

J  Pftdre  Alfani :  "Appunti  sul  Terretnoto  tli  ValpiiMiso."'  Ilivinta  di  Fhica,  M<ttfttititica  e 
Scientt  Nuturali  (Pavh).  No  82. 
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symbols  it,  2«,  and  T,  will  ho  used  to  denote  respectively  the 
amplitude,  double  amplitude,  and  the  complete  period  of 
vibration.    The  times  <\r<-  always  yircn  in  G.M.T. 

ANALYSIS  Of  THE  SEISMOGRAMS. 

4.    Obnervatlon  at  Mtonfjo,  Tokyo. 

( i )  EW  Component.   Fi«.  5,   Pi.  XXIV. 

PI.  XXIV  is  a  reproduction  of  the  EW  Component  diagram 
given  by  a  horizontal  pendulum  set  up  in  the  brick  "  earthquake- 
proof  house,"  at  Hongo,  the  instrumental  constants  being  as 
follows* 

Period  (complete)  of  free  oscillation  =  28  s?c. 
Multiplication  of  the  poinler=  10  times. 
Weight  of  the  heavy  cyliiulcr=  14  kg. 

Length  of  the  horizontal  strut,  or  the  distance  between  the  centre  of  the 

heavy  cylinder  and  the  paint  of  support  =  1  metre. 
Vertical  distance  be  tween  the  points  of  support  and  of  suspension=2.5 

metres. 

Mettttati  Earthquake.     Commeneeinent-O''  17"  20'. 

Preliminary  Tremor.    Duration  =  om  2'A".    During  the  first  1"  5*, 
the  motion  was  very  small,  the  commencement  being  slightly 
uncertain  :  —    T=6A  sec. 

For  the  next  1"  .">',  the  motion  was  welt  defined,  forming  tho 
most  activo  part  in  this  phase  :  — 

2=8.5  sec,       -2a=0M  mm. 

•  This  is  on*  of  tho  horironL«l  pe  ndulums  constructs  in  1897,  which  has  been  referred  to  a« 
J-apparntus  in  tho  Puhlicatioit*,  No.  5. 
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The  subsequent  motion  was  smaller,  consisting  of  the  three 
following  sets  of  vibrations  :  — 

T=  9.0  sec,       2a =0.27  mm. 
T=  4.3  „  (small). 
r=30.9  „  2a=0.35. 

Principal  Portion.  Oomnicneenicnt=0*2 :  "*  43'.  [1st  <fc  2nd 
phases.]  Duration=2"  05'.  The  very  first  displacement  was  a = 
1.4  mm.,  directed  towards  W.    The  motion  was  as  follows  :  — 

Dnrinfi  tbo  1st  50  sec  T=25.0  s.,    2a=2.9  mm. 

next  1"  15'  F=37.5s.,     2«=2.0  mm. 

17=  8.0  s..  

[3rd  phase].  Duration =2"  5G\  The  record  consists  entirely 
of  nearly  equal  pendulum  oscillations  as  follows  :  — 

T=27.1  sec,       max.  2a=9.8  mm.  (2nd  vibration). 

The  very  first  displacement  in  this  phase  was  a =4.5  mm.,  directed 
towards  W. 

[4th  phase].    Durations 3"  2'  :  — 

r=20.2sec,  2a=5.6mm. 

The  subsequent  motion  was  as  follows  :  — 

(i)  During  the  1st  10"  00' :  — 

!r— 19.4  sec,       2a  =  1.78  rurn. 
T=ll.l  ,,  ,,=1.20 

(ii)  During  the  next  10"  55'  :  — 

T=17.0  sec,       2a=  1.20  mm. 
T=10.5  ,.          ,,=1.00  „ 
r=34.5  „   

(iii)  During  the  next  <T  10*  :  — 
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r=10.5sec,      2a=0.55  mm. 
T=18.7  ,.  .,  =0.55  ,. 

T=  8.3  „  (small). 
Then   there  appeared  the  commencement  of  the  2nd  or 
Valparaiso  earthquake. 

Valparaiso  Earthquake    Commencement  =1A  00"  55\ 

1st  Preliminary  Tremor.  Duration  =  18"  58'.  The  commence- 
ment of  the  Valparaiso  earthquake  was  marked  by  the  appearance 
of  small  quick  movements  of  T= about  4  sec,  mixed  with  the 
vibrations  constituting  the  end  portion  of  the  Aleutian  earthquake. 
7"  45*  later  on  there  appeared  again  some  small  movements,  of 
similar  sort  which  were  probably  the  seismic  motion  propagated 
along  the  major  arc  between  Chile  and  Tokyo.  The  elements  of 
motion  in  this  phase,  which  partly  relates  to  the  vibrations 
belonging  to  the  Aleutian  earthquake,  were  a,  follows  :  — 
T=  9.3  sec,  2a=0.53  mm. 
T=l4.5  ,.  ,,=0.5  „ 

r=29.7  „  —  

The  end  of  the  1st  preliminary  tremor  was  not  well  defined. 

2nd  Preliminary  Tremor.  Commencement  =  1*  19"  53'.  Dura- 
tion =23"  36'.  During  the  first  G"  3",  the  motion  was  comparative- 
ly small.  During  the  next  3"  15',  there  were  0  regular 
vibrations  :  — 

T= 3-2.5  sec,       '2a  =  0.85  mm  ; 

mixed  with  small  movements  of  '■/'=<).:> 

The  subsequent  motion  was  as  follows  :  — 
(  i  )    During  2"  48*,  the  motion  was  small  :  — 
T=  9.7  sec,      -2a= 0.32  mm. 
T=18.9  ,.  ,,=0.3  „ 

(ii)    During  50',  there  were  2  slow  vibrations  :  — 
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(iii)    During  .">*  17',  motion  was  small  :  — 

,  '=  1 1.8  sec  ,       "2<i  =  0.3  nun. 
/  =  H.7  „  ,.=0.2  „ 

Then,  at  1'  MS*  :>1\  the  motion  became  again  somewhat 
more  active,  possibly  eorre.-ponding  to  the  propagation  along  the 
major  arc.  The  motion  during  the  remaining  4"  43'  was  as 
follows  : 

(1=1!. 2  so.-.,       2«  =  0.42  iuui. 
\T=  n.2  „  

The  en<l  of  the  2nd  preliminary  tremor  was  not  well  delined. 
Principal  Puritan.    Commencement^'"  \A"  \  A\ 
(  i  )    During  the  1st      AT  : 

f2  =  11.2  st'c  ,       2t  =  0.2  j  nun. 
2  =  12.5  ,.         2rf  =  0.2.')  .. 
[2'=:<7  7  ,.  (:>) 

(ii)  During  tlie  next  2"  W  :  — 

7'  =  32.k  st-c,       2<t  =  ()o  iuiu. 

This  part  which  probably  cone-ponds  to  the  :5rd  phase  of  the 
principal  portion,  oceunvd  at  V'  .">!  1  l.Y. 

(iii)  During  the  next  S"  ;;.{ ,  there  were  2  max.  groups  :  — 

1 1st  gr.)»p          Dnrnti.>ii  =  :> '  -10' ;    7'  =  22«>  sec.   2a  =  2.35  mm. 

{2nd   l.)uiuti..n  =  :r  5V;    1  '-•>{.<>  „  ,    2ci=20     „  . 

In  the  minimum  part  between  lliese  two  maxima,  there  were 
small  vibrations  of  7'=r.».:5  see. 

(iv)  During  the  next  IP  !<>'  :  — 

7'=  Is.  i  .m  e  ,       •_'<«  =  0.74  nun. 
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At  minimum  epochs  there  were  small  vibrations  of  T=8.8  sec. 
(  v  )    During  the  next  22"  15':  — 

T=  19.0  sec,      2a =0.5  mm. 

Then  at  2A  30"  59',  there  took  place  two  well  defined 
vibrations  :  — 

T=20.0  sec,       2a=0.75  mm. 

These  may  correspond  to  the  3rd  phase  of  the  principal 
portion  propagated  along  tlie  major  arc.    For  the  next  4"  14*  :  — 

T=22.1  sec. 

Thereafter  the  motion  consisted  of  quick  vibrations  and 
gradually  died  away,  with  alternations  of  maximum  and  minimum 
groups.  The  motion  during  the  subsequent  successive  epochs  was 
as  follows. 

(i)  During  0-34*  :  — 

T=  1G.4  a?c.      2a  =  0.2G  mm. 

(ii)  During  0-57'  :  — 

T—  18.2  see.,       2a =0.29  mm. 

(ili)    During  5"  10'  :  — 

T=  17.2  sec,       2a =01  mm. 

(iv)    During  9"  14'  : — 

'i'=  15.8  sec,      2a  (small). 

At  3*  52*  21'  there  appeared  again  some  slight  slow  vibrations 
of  T=18.3  sec,  which  were  probably  due  to  the  Aleutian  earth- 
quake, being  the  \V,  motion,  or  the  repetition  of  the  motion  (3rd 
phase  of  the  principal  portion)  first  propagated  along  the  minor 
arc. 
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(ii)   Vertical  Component.   Fig.  P,   PI.  XXIV. 

Fig.  0,  PI.  XXIV  is  a  reproduction  of  the  diagram  given  by  a 
vertical  motion  seismograph,  whose  instrumental  constants  have 
been  given  in  the  Uulktin,  No.  1,  being  as  follows  :  — 
Length  of  the  vertical  spiral  springs  =  1.2  meire. 

Horizontal  distance  between  the  centre  of  the  steady  mass  and  the  pivot 
=  1.2  metre. 

Weight  of  the  heavy  boh  =  9  kg. 

Natural  oscillation  period  =  6.0  sec. 

Multiplication  of  the  pointer  =  12. 

Meitiiax  Earthquake.    Commencements''  17"  IP. 

Vrdiininarij  Tremor.  Duration  =  5™  W.  The  motion  began 
with  quick  movements,  the  vibrations  during  the  successive 
epochs  being  as  follows. 

(  i  )    1"  5'  T=A.3  see.,        2'«  =  0.05  mm. 

(ii)  2"  20'   Motion  was  active  :  — 

!T=9.4  sec.,       2a=0.09  mm. 
T=5.2  ,.=0.15  ., 

T=3.G  „  (small). 

(iii)  2"   Motion  was  small  and  nearly  uniform  :  — 

7'=  3.5  sec.,       2a =0.03  mm. 

Principal  I'orlim.    Commeneement=0''  22"  44'. 

For  the  first  2"  40',  the  motion  was  small,  hut  there  were  traces 

of  some  slow  vibrations  :  — 

(T=  22.8  sec.,   

■l 

[T=  4.7  „  2((=0.09  mm. 

Then  set  in  the  slow  vibration  epoch,  the  motion  being  most 
marked  for  the  next  G"  30*,  as  follows  :  — 
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(  i  )    1"  8'  There  were  2  slow  movements  :  — 

J  2'= 34.0  sec,       2a  =  0.19  mm. 
(T=  4.0  (small). 

(ii)  1"  IV  There  were  3  well  defined  vibrations  :  — 

T= 28.7  sec,       2a  =  0.22  mm. 

(iii)  4m  8*  The  amplitude  gradually  decreased  :  — 


(T=20.7  sec,       2a  =  0.l7  mm. 
lT=12.4  „  

The  subsequent  motion  was  small  and  regular,  the  vibrations 
during  the  successive  epochs  being  as  follows  :  — 


(i)  5-   5'   T= 2 1.8  sec,       7=10.9  se;:. 

(ii)  2    9   7=1(5.1  „ 

(iii)  1   50   r=11.0  „ 

(iv)  3  89   T=1G.9  „ 

(v)  9  54   7=11.7 


Valparaiso  Earthquake.    <_'ommcnecnicnt=  1*  00"  34'. 

1st  Preliminary  'I'mnor.  Duration  —  about  18".  The  com- 
mencement of  the  Valparaiso  earthquake  was  indicated  by  the 
appearance  of  small  quick  vibrations  :  — 

7=8.5  sec,       2  f  =  0.12  mm. 

These  vibrations  existed  more  <>r  less  throughout  this  phase  of 
motion.  There  were,  however,  some  increase  in  amplitude  at  (V* 
3.V  after  the  commencement  of  the  earthquake,  due  probably  to 
the  propagation  along  the  major  arc. 

2ulI  Prclimimrij  Tr,uior.  The  motion  now  consisted  entirely  of 
slow  vibrations,  as  follows  :  — 

(i)  During  the  tir>t  7  Miii  :  7=11.1  sue. 
(  ii )       , ,        , ,   next  ~r     '  :  7=11.2  see. 
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3rd  Phase  of  the  Principal  Portion.  Commencement  =  1*  52"*  18'. 
The  motion  began  with  slow  vibrations  of  7'=2G.S  sec,  which 
were  comparatively  small  during  the  first  3"  7*.  During  the  next 
IT  25',  the  motion  was  most  active  :  — 

|(  i )    For  the  1st  3m  44* :  —  T=  22.4  sec,       2a  =  0.040  mm. 
l(ii)     „     „  next  5"  41*:— r=l0.2  „  2a  =  0.05  mtn. 

The  subsequent  motion  was  smaller,  the  T  hcing=  17. 1  see. 

(iii)  EW  Component.   Fig. 7.  PJ.XXV. 

Fig.  7,  PI.  XXV  gives  the  earlier  part  of  the  EW  component 
of  the  Aleutian  earthquake  as  recorded  by  a  duplex  horizontal 
pendulum  apparatus*  in  the  Seismologica)  Institute,  whose  instru- 
mental constants  are  as  follows  :  — 

Period  of  free  oscillation=41.5  sec. 

Multiplication  of  the  pointer  =  30  limes. 

Weight  of  the  heavy  cylinder=  10.  >  li-m. 

Length  of  the  horiz  ntal  stmt=0.75  metre. 

Vertical  distance  between  the  points  of  support  and  of  suspension 
=  1  metre. 

Ale: 1 1  ian  Ear  i  J: q : ; a  he. 

Preliminary  Tremor.    Duration =5"  5'.    The  very  1st  displace- 
ment was  well  marked,  being  «  =  0.0t  mm.,  directed  toward  W. 
For  the  next  1"  3',  the  motion  was  small  :  — 
T=5.0  sec,       2a =0.05  mm. 

Then  the  motion  became  suddenly  large,  commencing  with  a 
displacement  of  a  —  i). 25  mm.,  toward  AV,  followed  by  the  counter 
motion  of  2a=0.43  mm.  toward  E.  During  the  next  4"  2\  T  was 
8.3  sec. 

•  This  is  a  portable  form  instrument  Jescril^il  in  the  Publication*.  Xo.  18. 
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Pricipal  Portion.  The  motion  became  much  larger,  the  4  initial 
displacements  being  as  follows  :  — 

( i )  a =0.25  mm.,  toward  W. 

(ii)  2a =0.78    „        „  E. 
(lii)   2a- 1.7*2    „        „  W. 
(iv)    2a=2.57    „        „  E. 

Then  the  pointer  went  out  of  the  smoked  paper,  toward  W. 
The  period  of  these  vibrations  was  31.2  sec,  there  being  also 
some  small  movements  of  T= !). 3  sec. 

- 

Later  on  the  pointer  again  entered  on  the  smoked  paper, 
recording  the  end  portion  due  to  tho  Chilian  earthquake  :  — 
r=16.4  sec. 

(iv)   NS  Component.   Fig.  8,   PI.  XXV. 

The  record  was  taken  by  a  long  period  horizontal  pendulum 
set  up  in  the  "earthquake-proof  house,"  whose  instrumental 
constants  are  as  follows  :  — 

Vertical  distance  between  the  prints  of  suspension  and  ol  snpport 
=  2  metres. 

Effective  length  of  the  strut,  or  the  horizontal  distance  between  the 

point  of  support  and  the  steady  axis=l  metre. 
Weight  of  the  heavy  bob =40  kgm. 
Natural  oscillation  pericd=48.5. 
Multiplicitbn  of  the  pointer  =  20. 

Aleutian  Earthquake. 

Preliminary  Tremor.    Duration  =  5"*  19'.    Tho  commencement 
is  well  defined,   the  initial    displacement  being  «  =  0.0G  mm., 
toward  S.    For  the  first  lm  1*.  the  motion  was  small  :  — 
T=  5.]  s^.p       2  /  =  0.00  mm. 
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Fig.  7.   Aleutian  Eq.  of  Aug.  17,  1906. 
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Fig.  8.    Aleutian  Eq.,  Aug.  17,  1906. 
(Oboe.-red  in  Tokyo.) 
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7  =20.3  sec.,       2a =0.14  mm. 

Then  the  motion  became  larger,  the  two  first  movements 
being  as  follows  :  — 

|(  i )     a  =  0.24  mui,  toward  S. 
2a=0.38  '„        „  N. 

The  T  in  the  subsequent  part  was  7.1)  sec.,  there  being  also 
some  small  vibrations  of  T=l\.[)  sec,    T=18.4  sec. 

Principal  Portion.  For  the  first  lm  40',  the  motion  was  small 
comparatively  and  had  a  period  of  7'=:>0.7  sec,  tho  three  initial 
displacements  being  as  follows  :• — • 

({ i  )  «  =  0.43  mm,  toward  S. 
hi)  2a  =  1.3  „  ,.  N. 
((iii)    2«=1.4     „         „  8. 

At  the  end  of  this  epoch  there  took  place  a  vibration  consist- 
ing of  the  two  following  displacements  :  — 

(( i )     «  =  2.2   mm,  toward  X.J  T=.yi  Q  ^ 

l(ii)    2,7  =  0.35  „         „  S.) 

The  next  motion  was  .^till  greater  and  the  pointer  went  out  of 
the  smoked  paper,  toward  X.  Later  on  the  pointer  again  entered 
on  the  smoked  paper,  the  vibrations  in  the  end  portion  of  the 
Chilian  earth  pailc  being  as  follows  :  — 

,T=  1 9.6  sec,  2a  =  0.55  mm. 

li'=15  3  2a =0.20 

1r=10.4  „  2a=0.05  „ 

(r=  22.9  „  (small). 
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3.    Obnervationa  at  Omaha  Meteorotogival  Observatory. 

( i )  EW  Component.   Fig.  1,   Yl  XXIII. 

The  record  was  taken  by  an  Omori  Horizontal  Pendulum 
Apparatus  of  portable  form,  whose  instrumental  constants  are  as 
follows  :  — 

Vertical  distance  between  the  points  of  suspension  and  of  support 
=8G  cm. 

Length  of  the  horizontal  strut =44  cm. 
Weight  of  the  heavy  bob=l6  kgm. 
Period  of  the  free  oscillation =27  sec. 
Multiplication  of  the  pointer=20  times. 

Aleutian  Earthquake.    Commencement^/'  lG"  52*. 

Preliminary  Tremor.  Duration  =  5""  'MY.  The  motion  began 
quite  sharply,  the  initial  displacement  being  0.04  mm,  toward  W. 
During  the  first  lm  0',  the  motion  was  small  :  — 

2'= 5.5  sec,       2a= 0.055  mm. 

The  subsequent  motion  consisted  of  several  sets  of  vibrations, 
as  follows  :  — 


Principal  Portion.     The    two  initial  displacements  were  as 


T=  3.Gsec. 
T=  9.5  „ 
T=  5.8  „ 
'JT=33.8  „ 


■i 


2a =0.08  „ 
2a=0.13  „ 
2a =0.23  „ 


follows  :  — 


(  i )  a=0. 15  mm,  toward  K. 
,(ii)   2a  =1.25  „        „  W. 
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During  the  first  2"  20\  the  motion  was  small  :  — 

jT=27.5  sec,       2a =3.3  ram.  (Pond.  Oscilna  ?) 

For  the  next  5"  22',  the  motion  consisted  of  11  gradually 
increasing  pendulum  oscillations  :  — 

7'= '29.4  sec.,      2a=11.2  mm.  (10th  vibration) ; 
Tho  1st  vibration  being  as  follows  :  — 

j(  i )     a  =  1.35  mm,  toward  E. 
2a=3.05  „        „  W. 

The  subsequent  motion  became  suddenly  smaller,  the  vibra- 
tions during  the  .successive  epochs  being  as  follows  :  — 


j  7/=  19.2  sec, 

2a=2.15  mm. 

lr=35 

rr=20.4  sec., 

2a=0.78  mm. 

}t-\-,.o  „ 

2a  =1.25  „ 

(7  =  10.3  „ 

2a =0.48  „ 

..7/-1G.1  sec., 

2a =0.53  mm. 

(7/=  15.9  sec, 

2a =0.25  mm. 

lr=n.9  „ 

2a=0.13  „ 

(iv)  12-  02*    

Then  there  appeared  the  earthquake  motion  due  to  the 
Valparaiso  disturbance. 

Valparaiso  Earthquake.    Commnecement=l*  00"  15*. 

1st  Preliminary  Tremor.  Duration— 15"  48*.  The  commence- 
ment is  well  marked  by  the  appearance  of  small  regular  vibrations 
of  r=2.4  sec,  superposed  by  the  following  movements  :  — 

7/=  13.5  sec,      2a =0.21  mm. 
T=  0.3  „  (small). 

At  1*  09"  47',  or  0"  32*  after  the  commencement  of  this  phase, 
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there  was  again  sonic  slight  predominance  of  quick  vibrations, 
which  wero  probably  the  major  arc  propagation,  the  movements 
being  as  follows  :  — 

JT=  15.5  sec,      2a =0.1 4  rum. 
(T=  3.9 

2nd  Preliminary  Tremor.  Commencement™  1*  10"  03'.  Dura- 
tion =24"  25'.  During  the  first  0"  3',  the  motion  was  as  follows  :  — 

T=12.0  sec,      2a=0.l3  mm. 
'/•=  8.0  „  ,,=0.00  „ 

T=22.3  „  ,,=0.22  „ 

there  being  at  first  traces  of  3  slow  (doubtful)  movements  of  T=2m 
17'.  Then  the  amplitude  slightly  increased,  thcro  being,  during 
the  next  3"  5',  5  vibrations  :  — 

T=37.0  sec,      2a=0.33  mm  ; 

these  were  mixed  with  small  vibrations  of  T=  10.9  sec.  For  the 
next  3"  30*,  the  motion  was  small  :  — 

T=  12.4  sec,       2a =0.075  mm. 
T=38.2  sec,  (small). 

For  the  next  2"  38*  there  appeared  again  5  large  vibrations  :  — 
T=31.7  sec,       2a  =  0.35  mm. 

During  the  remaining  (>"  28',  the  motion  was  smaller  :  — 

T=27.7  sec,      2a =0.1-1  mm. 
T=10.0  .,         2a=0.l2  „ 
T=12.4  „         2a =0.07  „ 

Principal  Portion.  Commencement=  1*  40"  24'.  [1st  and 
2nd  phases.]  Duration=13"  53'.  The  motion  began  with  2 
slow  vibrations  :  — 
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T=55.0sec.       2a=0.18  rum. 
The  subsequent  motion  was  smaller  :  — 

T=  19.1  roc.       l'a=0.(K>  mm. 
7/=  10.4  „         2a =0.09  „ 
[(?)  T=67.4  „ 

[3rd  phase,  etc.]  Commencement=l*  54"  21'.  The  motion 
was  most  active  for  the  first  7~  8'  : 

T=23.2  sec.       2n=  I  2'J  mm. 

The  subsequent  motion  was  smaller,  the  vibrations  during  the 
successive  epochs  being  as  follows. 

7  =  18.3  sec,       2<j=0.28  mm. 
({?)  2=45.0 

(ii)  For  the  next  4"  f>.7,  there  was  a  maximum  group  :■ — 
T=  17.4  see.       2a  =  0.54  mm. 

(iii)  For  the  next  7"  »">',  the  motion  was  nearly  uniform  :  — 

T=  17.4  sec,       2a=0.36  mm. 
T=15  9  ,.=0.11  „ 

[r=35.2  .,  =0.20  ,. 

During  the  next  2G~  30',  the  motion  was  more  or  less  active 
and  comprised  a  series  of  maximum  groups,  which  occurred  at  an 
average  interval  of  4"  48*;  the  elements  of  motion  in  the  successive 
maxima  being  as  follows  :  — 

[T=20.3  sac  2a  =  0.36  mm. 

 2a =0.07  5  „ 

 2a =0.44  mm. 


(i)    For  7"  3*>' •— (  Y'-l8-:- 


(T=20.3  sac 

l8t       group {r=i2.8  „ 


(T= 22  7 

2nd   \  " 

lr=17.8   2a=(small). 


|r=23.8  „ 
lT=l8.8  ,. 


2a =0.30  mm. 


d      "  .2a=0.l0  . 
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4th 


5th 


6th 


group. 


[r=l9.7  sec.,  2n=0.43  uini. 

[T=16.5  „  ,  2a=0.19  „ 

[r=20.8  8ec.,  2a=0.30  „ 

lr=14.4  „  ,  „=  (small). 

[T=2l.l  sec  2a=0.30  mm. 

1T=1C0  ,  ,.  =  (small). 


It  will  be  observed  that  in  each  maximum  group  there  were 
essentially  two  sets  of  vibrations,  one  of  which  formed  the  pre- 
dominating constituent,  while  the  other  occurred  only  at 
minimum  epochs  ;  the  periods  belonging  to  theso  two  sets  being 
as  follows  :  — 


(A)   Larger  vib. 


rr=20.3  sec. 
22.7 
23.8 
19.7 
20.8 
21.1 


(B)    Smaller  vib. 


-T=  12.8  sec 
17.8 
18.8 
16.5 
14.4 
16.0 


mean. 


.21.4 


mean  16.7 


The  mean  value  of  the  (A)  periods  is  21.4  sec,  while  that  of 
the  (tf)  periods  is  1G.7  sec,  (with  the  single  exception  of  T=12.8 
sec).  The  difference  between  these  two  means  is  4.7  sec, 
correponding  probably  to  the  fundamental  period  which  I  have 
denoted  by  P,.  * 

The  subsequent  motion  was  much  smaller  : —  T=1G.5  sec. 


( ii )  Diagrams  from  a  Horizontal  Tremor-recorder. 

The  twe  earthquakes  have  been  registered  also  by  a  small 
Omori  Horizontal  Tremor-recoder,  which  was  originally  designed 

•  The  Publication,  Sob.  5,  13,  81.  etc 
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to  record  small  local  shocks.  Each  of  the  two  horizontal 
component  pendulums  has  a  bob  of  1G  kgm  weight,  and  an  oscilla- 
tion period  of  about  2  sec,  the  multiplication  ratio  being  45.* 

The  times  of  commencement  of  the  Aleutian  and  the 
Valparaiso  earthquakes  as  recorded  by  the  tremor-recorder  wero  0* 
17"  17*  and  1*01"  08'  (G.M.T.)  respectively. 

-Y5  Component. 

Aleutian  Earthquake.  The  preliminary  tremor  lasted  5"  30*, 
during  which  the  motion  was  most  active  and  consisted  of  the 
following  vibrations  :  — 

T=  1.9  sec,      2a =0.062  mm. 
r=5.4  „  ,,=0.038  „ 

The  movements  during  the  earlier  parts  of  the  principal  por- 
tion wero  as  follows  :  — 

(i)  For  the  1st  2"  37' :- 

T=6.4  sec.       2a =0.04  mm. 

(ii)  For  the  next  2"  59'  : —  thero  were  6  slow  and  nearly 
uniform  vibrations  mixed  with  quick  ones  :  — 

!r=29  8  sec,  2a =0.022  mm. 
T=  5.3  „  ,,=0.029  mm. 

The  subsequent  vibrations  gradually  diminished  and  were  as 
follows  :  — 

T=  13.8  sec.,      2a =0.022  mm. 

Valparaiso  Earthquake.  The  commencement  was  indicated 
by  small  vibrations  of  T=0.92  sec. 

*  This  is  exactly  similar  to  the  instrument  which  I  have  described  in  the  Publications,  No.  18, 
the  only  tnodific\tion  being  the  uao  of  a  cylinder  for  the  recording  surface. 
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ElV  Component. 

Aleutian  Earthquake.    The  preliminary  Tremor  :  — 
T=2.3  ^ec,       2a=0.0G7  mm. 

The  movements  in  the  successive  parts  of  principal  portion 
were  as  follows  :  — 

A  i )    For  the  1st  1M  49* :— r=  5.0  sec,  2a=0.022  mm. 

„     ..next  2  02  :— 7'=30.r>  „  2a=  (Small). 

j(iii)    2  12  :-r=22.0  „ 

Viv)     „     ,.        H  f>0  :-r=17.7  ,. 

The  motion  in  the  E  W  comi>onent  was  much  smaller  than  in 
the  NS  compouent.  This  may  he  due  to  some  unequality  in  the 
friction  existing  between  parts  of  the  two  horizontal  pendulums. 

Valparaiso  Earthquake.  During  the  first  55  sec.  the  motion 
was  small.    Then  the  vibrations  became  most  active  :  — 

T=2.2  sec,       2 1  =  0.033  mm. 

0"  10'  after  this  maximum  there  was  another  slight  one,  which 
may  correspond  to  the  major  arc  propagation. 

6.    Ob»crvation  at  Manila.    PI.  XXVI.  ENE-WSW  Component. 

Tho  record  was  obtained  by  a  Vicentini  seismograph.  In  the 
following  analysis,  the  amplitude  is  given  unreduced,  or  not  divided 
by  the  multiplying  ratio  of  the  pointer. 

Aleutian  Earthquake.  Commencements*  2CT  42*.  For  the 
first  5"  49',  the  motion  consisted  of  quick  vibrations  :  — 
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<T=2  4  sec,       2a  =  3.5  mm  (pendulum  oscillation). 
lr=4.8  ,. 


For  the  next  5"  14'  :  — 


2a  -1.5  mm. 
2a  =  1.0  ,. 
2a =2.0  ., 


Thereafter  the  quick  pendulum  movements  gradually  decreas- 
ed, till  they  disappeared  at  0*  M8"  20*  ;  the  principal  vibrations 
being  as  follows  :  — 

T=  11.2  sec.,      2(j  =  1.4  mui. 
7/=  17.8  .,         2a  =--2  0 
T=  4.7  (srimil) 

For  the  next  8"  25'  :  — 


i 


r=11.4  8ec,  2a  =  1.0  mm. 
T=  7.5  „  2a  =  (small.) 


For  the  next  5"  4'  :  — 


I 


7/= 20  4  sec.,  2a =0.9  mm. 
T=  9.3  „  (small). 


Then,  at  0*  51"  49*,  there  took  place  3  well  defined  slow 
vibrations  :  — 

T=20.9  sec.,       2a=  1.5  mm. 


The  subsequent  motion  was  smaller  :  — 

(T=  17.2  sec,  2a=  1.0  mm. 
(T=11.8  „         2a=1.4  „ 
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Valparaiso  Earthquake.  Commoncoment=  1*  00"  15'.  The 
commencement  was  marked  by  the  appearance  of  quick 
vibrations,  the  motion  being  small  for  the  first  1"  6\  Then,  at  1* 
01"  21*,  there  appeared  most  active  quick  movements,  which 
remained  nearly  uniform  for  the  next  4"  33'  :  — 

r=5.7  sec.,      2a=24  mm. 

The  quick  vibrations  were  indicated  distinctly  till  about  2* 
19",  and  slightly  till  2*  29",  there  being  superpositions  of  slow 
movements  :  — 

T=2.3  sec  2a =2.0  mm. 

r=5.3sec.;  7.4  sec;  11.6  sec.;  14.6  sec. 

At  1*  07"  06'  there  was  some  increase  in  the  amplitude  of  the 
quick  vibrations  (max.  2a=2.0  mm.),  which  were  probably  the 
major  arc  propagation. 

7.    Observation  at  the  Querce  Observatory*  Florence.  The 

following  is  a  note  on  the  lithographic  reproduction  of  the 
diagrams*  obtained  at  the  Querce  Observatory,  Florence,  by  a 
pair  of  Stiattesi  Horizontal  Pendulums,  whose  instrumental 
constants  are  :  — 

Multiplication  of  the  pointer =25. 

Weight  of  the  heavy  mass =230  kgm. 

Mean  velocity  of  the  record-receiver =97  cm.  per  hour. 

(Complete)  period  of  free  penduhirn  03cilIation=l9.6  sec. 
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Aleutian  Earthquake.    Commencement^)'  21"  00'. 

XIV-SE  Component. 

1st  Preliminary  Tremor.    1  Juration  —  10m  5.'!". 
The  motion  consisted  of  small  uniform  vibrations. 
2nd  Preliminary  Tremor.    Commencement .=0*  34m  53'.  Dura- 
tional" 41'  :- 

7=17,3  sec,       2ri=0.22  mm. 

Principal  Portion.  Commencement^''  UT  34'.  [1st  and  2nd 
phases]  Duration=  13"  30'.  For  the  first  7"  47',  the  motion 
consisted  of  slow  vibrations  :  — 

T=rSG.O  sec,       2a=0.30  mm. 

Then  there  set  in  large  pendulum  oscillations,  which  continu- 
ed till  2'1  27m,  thereby  confusing  the  movements  due  to  the 
Valparaiso  earthquake.    These  oscillations  were  as  follows  :  — 

2a=G.9  mm.  (pend.  oscillation). 

XE-SIV  Comi«>iunt. 

In  this  component  diagram  the  pendulum  oscillations  were 
much  smaller  than  the  other. 

1st  Preliminary  Tremor.    Duration  =  10™  32'. 
The  vibrations  were  very  small. 
2nd  Preliminary  Tremor.    Duration  =  12""  (»*  :  — 
T—  9.7  sen.,  2a=0.10  mm.;  T=l4.6s3c. 

8.  Summary  of  the  Observations  of  the  Aleutian  Earth- 
quake. The  mean  values  of  the  different  periods  of  vibrations, 
which  occurred  at  Tokyo,  Osaka.  Manila,  and  Qucrco,  are  given  in 
the  following  table,  the  periods  most  frequently  occurring  being 
printed  in  fat  characters. 
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Periods  of  Vibration. 


Tokyo. 
(EW) 

Tokyo. 
(Vertical) 

Tokyo. 

(N-S) 

Osaka. 

(EW) 

Osaka. 

Horiz.  Tremor 
Ui-ooriiur. 

Manila. 

Querce. 

Mean. 

Bee. 

»ec. 
3.5 

eec. 

HOC. 

2.9 

sec. 

sec. 

4.7 
(5.4 
8.6 

a  a 
4.0 

4.o 

0.0 

0.5 

4.8 

A  n 
4.7 

9.1 

8.2* 

9.7 

8.8 

10.7 
18.8* 

26.1* 
30.9 

11.5 

10.5 
22.3* 

18.1 

23.3 

30.7 

10.6 

15.9 

23.0* 

28.5(1'.".)* 

13.8 
J  7.7 

22  0 

30.2 

11.5 

17.5* 
23.7* 

I7.7(r-a)* 

11.1 
13.8 
17.4 
20.3 
22.2 
27.3 
30.6 

36.0* 

31.0* 

33.8* 

34.1 

3(5.0* 

34.8 

It  will  be  seen  from  the  above  table  amongst  others  that  the 
(mean)  periods  of  4.7  sec..  8.8  sec,  11.1  see.,  17.4  sec.,  20.:}  sec, 
22.2  see.,  30. 0  sec,  and  154.8  see.  occurred  at  Tokyo  as  well  as  at 
one  or  more  of  the  three  other  places,  namely,  Osaka,  Manila,  and 
Querce.  (See  also  $  15.)  The  Tokyo  records  indicate  that  there 
was  no  special  difference  in  the  periods  of  vibration  between  tho 
horizontal  and  vertical  movements. 

In  the  following  table  are  collected  the  times  of  earthquake 
occurrence  at  the  above  mentioned  four  places,  and  at  2.1  other 
stations  ;  the  data  relating  to  the  latter  having  been  taken  from 
the  monthly  or  weekly  reports  published  by  the  different 
seismological  observatories.  In  a  few  eases,  the  time  of  occurrence 
of  the  2nd  preliminary  tremor  and  the  duration  of  the  1st 
preliminary  tremor  are  also  given. 

•  J  ho  period*  of  tht-  predniuittttiu.'  ubra.tiom  ari  ijuirke  I  witii  ■mttritk*. 
(  V.O.)    marks  tlie  pen<lu:u:n  oscillations. 
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OBSERVATION  OF  THE  ALEUTIAN  EARTHQUAKE. 

(Time  in  G.M.T.) 


Place. 


Origin. 


To-iition. 


latitude. 


50° 


Longitude. 


N1758 


E 


34  42  —  X 113.-)  31 


Tokyo  

Osaka  

Mizusawa  

Taiholcu(Furuiosa) 

Manila  

Zik&wei  


Waahin-ton  D.C..  38  5-1  IS  X  77  0:3  On  \Y 

G6tiin«j«ii          31  33  —  X  0  58 

Str-issburg         18  35  ()()  X|  7  -10 

Heidelberg         10  23  55  X 


Timu  of 
occurrence 


0"  11"  44' 


5  58  11  E 


Budapest   47  22  20  X  10  03  55  E 


O'Gyalla.. 
Zagreb  

Kreinsuiunstur. 

Lai  bach  

Vienna   

TrieBt  


Tiflis  

Borsbom... . 
Acbalkalaki. 


17  52  21 
15  48  54 
43  03'  — 
10  03'  — 

18  15'  — 
45  3D'  — 


X  18  52  32  K 

X  15  53  48  E 

X  14  OS'—  ].]' 

X  14  31'  —  Ej 


11  43  0s  X'  14  47  51  E 
11  51  —  X  «  23  OS  E 
41  23  —  X  13  20  Oii  E 


Upssli   30  51  30  X  i7  37 

lielgrad   44  48'  -  X  23  00' 

San  Fernando 


Tortosa   1  10  40  —  X' 

Coats  Ol<*?rra?or\ 
(PaUley)  '.  55  51  —  X 


E 
E 


Quorce  (Ftoivnw), 
Xiuien:ano(  ..  ).. 


1  25  —  W 
13  47  18  X'O  ■<">  -12  E 


U 

1  T"> 
1  1 

l  a.' 
lo 

0 

10 

52 

0 

10 

57 

0 

20 

07 

OA 

AO 

0 

10 

50 

0 

18 

00 

oi 
jo 

4o 

0 

23 

01 

1  \ 
1 1 

Ol 

-O 

0 

23 

34 

0 

22 

42 

0 

23 

23 

0 

23 

23 

0 

23 

37 

<> 

22 

41 

o 

23 

25 

0 

22 

54 

0 

23 

45 

23 

40 

0 

22 

00 

0 

2S 

24 

0 

23 

21 

0 

31 

30 

0 

24 

00 

24 

00 

11  lilt)  UI 

commence- 
ment of  2nd 
P.  T 


0  32  30 


0  32  55 
0  34  08 
0  37  30 


0  35  30 


Duration  of 
the  1st 

Preliminary 
Tremor. 


(Total  P.T.) 
5*"  20* 
5  30 


8  47 

13  33(?) 


0  32 
10  31 


11  30 


•  The  position  of  the  origin  li;ts  Uta  <k'torimne<l  \>y  inotbovl*  guvu  in  §  y.  For  the  dctemiiua- 
tion  of  thu  tiuiu  of  earthquake  origin  see  §  II. 
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Determination  of  the  Approximate  Point  ion  of  the 
Orioin.  of  the  Aleutian  Earthquake.  The  approximate  position 
of  the  earthquake  origin  may  be  determined  in  two  different  ways, 
from  seismographic  observations  made  at  a  number  of  stations,  as 
follows  :  — 

(  i  )    By  a  comparison  of  the  times  of  earthquake  occurrence  ; 
(ii)    From  the  epicentral  distances  deduced  from  the  dura- 
tions of  the  preliminary  tremors. 
1st  Method  :  Comparison  of  the  times  of  occurrence.    As  an  ex- 
ample, let  us  take  the  times  (=0  of  earthquake  occurrence  at 
Tokyo,  Florence,  Manila,  and  Berkeley  (California):  — 

.Tokyo  ^=0"  17'1'  10' 

I  Florence  ^=0    24  00 

jManila  fj=0    20  42 

'Berkeley  /l=0    18  00 

It  is  evident  that  among  the  above  1  stations  Tokyo  was 
nearest  to  the  origin.  As,  further,  the  duration  of  the  total  prelimi- 
nary tremor  in  Tokyo  was  5"  20',  which  corresponds  to  an  epicentral 
distance  of  about  25J,  I  shall  assume  a  propagation  velocity  of 
13*"  per  sec.  for  the  differential  epicentral  distances  between 
Tokyo,  Berkeley,  and  Florence  (Ximeniano  and  Querce.)  For 
the  comparison  of  Tokyo  and  Manila,  however,  let  us  take  a 
somewhat  lower  velocity,  say,  101'"  per  sec.  Under  these  supposi- 
tions, we  obtain  the  following  results  :  — 


Combination  of  places. 

Difference  of  times  of 
commencement. 

Approximate  Epicentral 
Difference. 

G"  44' 

47/3 

3  20 

24.3 

0  44 

5.2 

Notes  oa  the  Valparaiso  and  Aleutian  Earthquake*  101 

A  circle  drawn  about  Manila  as  centre  with  a  radius  of  24. °3 
passes  very  nearly  through  Tokyo,  while  the  locus  of  equidistanc 
between  Tokyo  and  Florence  intersects  that  between  Tokyo  and 
San  Francisco  at  about  f—oT'X,  *=170°\V  ;  this  latter  point,  or 
the  epicentre,  being  situated,  nearly  in  the  same  great  circle  which 
connects  Tokyo  and  Manila. 

2nd  Method  :  Comparison  of  the  epicentral  distances  deduced  from 
the  duration  of  the  preliminary  tremor.  The  relation  of  the  cpicentral 
distance  (r)  to  the  duration  (//,)  of  the  1st  preliminary  tremor,  or 
the  total  duration  (//)  of  the  1st  and  2nd  preliminary  tremors,  in 
approximately  given  by  either  of  the  two  following  equations* 

km.  ace.  km. 

rx= 17.  i  fr-um. 

[x—  0.54  y  +720. 
Taking  the  observations  at  Tokyo  and  Florence,  (Ximeniano) 
for  instance,  we  have  :  — 

f  Tokyo   y  =  5"  '20';    i  =  25°.3 

(Florence  ^i  =  H    30  ;    x  =  94. 

If  two  circles  be  drawn  about  Tokyo  and  Florence  as  centres, 
with  the  radii  of  25°. 3  and  IM3  respectively,  they  intersect  at  about 
f=14°N,    ;.  =  170°E. 

Taking  the  mean  of  the  two  positions  above  obtained,  we 
find,  for  the  approximate  situation  of  the  earthquako  origin, 

X=  50"  N,  f=175°E 

Tho  epicentral  distances  of  some  of  the  observing  stations  are 
as  follows  :  — 

Tokyo  29°  08' 

Osaka  32  26 

Berkeley  45  22 

Manila  5H  25 

Florence  85  0lJ 


•  Tho  "PulLcations."  So.  5  and  Xo.  13. 
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10-    Aleutian  Earthquake  :  Direction  of  Motion  in  Tokyo. 

From  a  comparison  of  the  descriptions  of  the  KW  and  NS  com- 
ponent diagrams  (ill  and  iv,  $  ■*),  Wo  see  that  the  displacement 
occurring  at  the  very  commencement  of  the  earthquake  was  as 
follows:  — 

(0.04  nitu,  towards  W, 
}o.06  „  ,      ,.  S; 

(Resultant  niouon=0  07  mm,  towards  S  34°  W. 

Again  the  two  displacements  constituting  the  first  vibration  of 
the  principal  portion  were  as  follows:  — 
(0.25  luin,  towards  W, 

(  i  )  <0.24  ,.  ,      „      S ; 

(Resultant  tnotion=0.34  ruin,  towards  S  46'  W. 
(0.43  turn,  towards  E, 

(ii)  <0.:*8  „  ,      „  N, 

(Resultant  motion  =  0.57  mm,  towards  N  4'J°  K. 

Taking  the  mean  of  these  three  results,  we  find  that  the  direc- 
tion of  motion  was 

S  Jh°Ws-N4b°E. 

This  direction  points  very  nearly  towards  the  source  of  the 
earthquake  disturbance  located  from  the  seismographic  observations 
9),  the  actual  direction  of  the  centre  from  Tokyo  being  N  50°  E. 
It  will  be  observed  that  the  initial  or  first  displacement  of  vibra- 
tion was  directed  away  from  the  origin. 

11.  Determination  of  the  Approximate  Time  of  Occur' 
rence  at  the  Origin  of  the  Aleutian  MOarthquake.  The  approxi- 
mate time  (=/„)  of  earthquake  occurrence  at  the  origin  can  be  es- 
timated by  means  of  the  following  equation*:  — 

-1. 105  ijr3 

•  The  Bulletin,  No.  1. 
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in  which  /;  and  yl  are  respectively  the  time  of  occurrence  and  the 
duration  of  the  1st  preliminary  tremor  at  any  given  station.  Ap- 
plying, for  instance,  the  above  formula  to  the  observations  made 
at  Gottingen,  Ximeniano,  and  Laibach,  we  obtain  the  following 
results: — 


Gi]ttin(jen k=on^8. 


Ximeniano. 

^0  10  35 


f1  =  0*2^»43';  y1=  8"47' 
=  0*13-28' 

=0  24  00;  y,  =  11-30' 


LaiOack  33  ^ 

K=o  n  ia 


Taking  the  mean  of  the  above  three  values  of  the  '<>,  we 
find:  — 

t0,  or  time  of  earthquake  commencement =0*ir"44' 

12.  Valparaiso  Earthquake.  According  to  newspaper  reports, 
the  Valparaiso  earthquake  happened  a  short  time  before  8  o'clock 
in  the  evening,  of  the  lGth  of  August.  As  shown  in  §  13,  the 
approximate  time  of  occurrence  in  the  epieetitral  district  was  prob- 
ably 0*40-05'  (the  17th)  in  Greenwich  Mean  Time,  or  7''53"29* 
P.M.  (the  16th)  in  the  Valparaiso  Local  Time.  At  Valparaiso  the 
weather  on  the  day  of  the  earthquake  was  unusually  cairn  and 
pleasant.* 

The  earthquake  and  subsequent  fires  produced  a  considerable 
amount  of  damage  in  the  city  of  Valparaiso;  the  shock  having  also 
caused  a  great  destruction  in  Vina  del  Mar,  Lo  Ligna,  Limache, 
Quilque,  Arriaca,  Palequin,  Meripilla,  Quillota,  Llaillai,  Hicrro 


•  A  fioe  and  calm  weather,  which  generally  corresponds  to  the  rise  of  tho  barometric 
nre,  also  characterized  most  of  tho  great  dentructive  earthquakes  in  Japan. 
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Viejo.  Aberca,  Conchall,  Pctarda,  La  Placilla,  La  Calera,  Los 
Andes,  San  Felipe,  and  some  other  places.  There  were  30  deaths 
in  the  city  of  Santiago,  while  the  town  of  Vallenar  (300  miles  north 
of  the  capital)  is  said  to  have  been  badly  affected. 

The  strong  motion  area  seems  to  have  extended  from  Vallenar 
on  the  north  to  Santiago  on  the  south,  over  a  distance  of  about  300 
miles.  The  earthquake  origin  was  probably  an  elongated  sub- 
oceanic  zone  parallel  to  the  coast,  the  most  central  part  of  which 
may  be  assumed  roughly  to  be  at  about  250  km  to  the  NNW  of 
Valparaiso,  or  at  the  following  position:  — 

f =31'  S,      >i=73°  W. 

According  to  a  letter  of  Dr.  Kicardo  Poenisch,  of  Santiago, 
there  was  no  surface  manifestation  of  faults,  but  apparently  the  coast 
was  elevated  more  than  1  metre.  The  shock  was  felt  on  the  north 
as  far  as  Tacna,  the  northern-most  province  of  Chile,  at  a  distance 
of  about  450  miles  from  Valparaiso. 

The  epicentral  distances  of  the  different  stations,  where  the 
distinct  commencement  of  the  Valparaiso  earthquake  was  observed, 
are  as  follows:  — 

Tokyo  1 52'  22' 

Osaka   155  51 

Gottingen   1(H)  40 

Ximeniano    107  07 

.Manila   159  10 

13.  Observation  of  the  Valparaiso  Earthquake.  The  time 
(/,)  of  occurrence  observed  at  the  different  stations  were  as  fol- 
lows:— 
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Tokyo  /1=l*00-34' 

Osaka   1  00  15 

Mean    10025 

.Manila   100  15 

Gottiugen    1  13  30  (?)  (Vert.  Seismograph.) 

Ximeniauo   0  58  15 


The  durations  (yt  and  //.)  of  the  1st  and  2nd  preliminary 
tremors  were  as  follows :  — 


(Tokyo  ^,=  18*59';  y3=26"05«;  yI+j/1=45-04* 

(Osaka  yi=15  48;  y,=24  25;  yl+y,=^0  13 

Mean   y1=17  24;  y,=25  15;  yi+y»=42  39 

Time  ('s)  of  commencement  of  the  3rd  phase  of  the  principal 
portion  was  as  follows:  — 

(Tokyo  f4=lh52ml8*  (Vertical  component) 

f,    1  58  53  (EW  „  ) 

[Osaka    1  54  21  (  „   ) 

Mean  155  11 

\Vt  Motion.  The  time  intervals  between  the  corresponding 
epochs  in  the  1st  preliminary  tremor  of  the  W,  and  W,  waves,  at 
Tokyo,  Osaka  and  Manila,  were  as  follows:  — 


Tokyo  < 

3  (7  45  (E1 

Osaka   9  32 

Manila   5  45 


ertical) 
(EW  cmnponent) 


The  identification  of  the  Wa  motion  was  in  each  case  extremely 
difficult,  and  the  intervals  of  time  above  given  are  to  be  regarded 
only  as  rough  estimates.    Taking  the  mean,  we  obtain  a  time 
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interval  of  7"24',  corresponding  to  a  mean  cpicentral  distance  of 
155°  48'.  The  theoretical  time  interval  corresponding  to  the  latter 
value  of  the  epicentral  distance,  would  be,  if  we  suppose  a  propa- 
gation velocity  of  13  km  per  sec.,  equivalent  to 


14.  Estimation  of  the  Time  (#„)  of  Occurrence  at  the 
Orioin  of  the  Valparaiso  Earthquake.  Taking  the  mean  of  the 
Tokyo  and  Osaka  observations,  we  have,  according  to  the  equa- 
tion in  §  11, 


Now  the  Valparaiso  mean  local  time  is  that  of  longitude  71° 
39  W,  or  4*4G"3G'  after  U.M.T.  We  have,  therefore, 


IB.  Comparison  of  the  JPeriotls  of  Vibration  in  the  Val- 
paraiso Earthquake  with  those  in  the  Caracas  and  Guatentala 
Earthquakes.  The  following  table  gives  the  mean  values  of  the 
different  periods  found  in  the  seismograms  obtained  at  Tokyo, 
Osaka,  and  Manila,  together  with  those  found  in  the  Tokyo 
seismograms  of  the  Caracas  earthquake  of  Oct.  29,  1900,  and  the 
Guatemala  earthquake  of  April  19,  1902;  the  periods  of  more 
frequent  occurrence  being  printed  in  fat  characters. 


3t)03-(2x  155*48') 
13 


=  G"54' 


7,  = I *00"25* 
y1= 17"24« 

t0  =^-1-105  (G.M.T.) 


f9= 7*53*29'  P.M.  (Local  time). 
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Carac*«  and  Guate- 
mala Earthquake* 

Valparaiso  Earthquake. 

Tokyo 
ft  Tori  zonal) 

Tokyo 

(  H  i  ■  ri  rrtn  tftl  i 

Tokyo 
(Vertical). 

Osaka 

(KW). 

Manila. 

Mran. 

See 

29 

Sec. 

S-v.  Sec. 

- 

3.5  ;u> 

Sec. 

Sec. 

4.0 

O.D 

4.0 

7.9 

9.0 

-  8.0 

7  4 

1  ."1 

8.4 

10.2 

11.5 

11.2 

f  104 
1  12.4 

1  1  (') 

11.4 

14.8 

15.7 

/14.0 
\16.0 

1  -1  (> 

l-i.\t 

15.1 

18.4 

177 

18.2 

19.1 

18.3 

21.2 

Oft  Q 

22.3 

Oil  T 

22.4 
26.8 

23.0 

27.7 

22.6 
26.8 

no  n 

28.7 

32.9 

32.7 

31.7 

32.4 

39.5 

H7.7 

36.8 

37.1 

45.4 

45.0  ('->) 

45.0(?) 

5G.0 

_      1  _ 

67.4(>) 

From  the  above  table  it  will  be  seen  that  tho  different  periods  of 
vibration,  which  occurred  at  Tokyo  in  the  Caracas  and  Guatemala 
earthquakes,  were  almost  perfectly  identical  with  those  which 
occurred  at  Tokyo  and  Osaka  in  the  Valparaiso  earthquake.  The 
Manila  seismogram  indicates  only  shorter  periods,  which  are  also 
found  in  the  Tokyo  and  Osaka  records.  It  is  almost  certain  that, 
if  the  Manila  seismograph  had  a  long  natural  period  of  oscillation, 
other  slow  periods  would  have  been  likewise  registered  there.  It 
may  be  here  mentioned  that  I  have  taken,  for  comparison,  the 
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Caracas  and  Guatemala  earthquakes,  as  the  origins  of  these  shocks 
had,  with  respect  to  Tokyo,  epicentral  distances  and  azimuths  not 
widely  different  from  those  of  the  Valparaiso  earthquake. 

By  comparing  the  above  table  with  the  list  of  periods  in  §  8, 
it  will  be  seen  that  the  periods  of  vibration  in  the  A'eutian  earth- 
quake also  occurred  in  the  Central  and  South  America  earthquakes. 

Tho  examination  of  the  numerous  seismographic  records  of  the 
great  Indian  earthquake  of  April  4,  1905,  has  also  shown  tho 
common  occurrence  of  various  periods  of  vibration  in  different 
parts  of  the  would. 

From  the  facts  like  the  above,  it  seems  probablo  that  the 
microseismic  or  unfelt  and  slow  periods  of  vibration  are  approxi- 
mately the  same  in  different  earthquakes  and  at  different  stations. 
I  have  previously  stated  a  similar  conclusion  witli  regard  to  the 
pulsa  tor y  oscilla  I  io u s. 


16.    Tidal  Disturbances  due  to  the  Valparaiso  Earthquake. 

The  earthquake  caused  some  tidal  disturbances,  which  spread  over 
the  Pacific.  Thus,  in  the  enclosed  Bay  of  Maalaea,  on  the  island 
of  Maui  (Hawaii)  the  wave  is  said  to  have  reached  a  height  of  12 
feet.  An  inter-island  steamer  Noeu,  while  anchorod  off  the  north- 
eastern coast  of  the  island  of  Hawaii  in  a  calm  sea  was  carried  for- 
ward by  a  sudden  undertow,  which  was  so  strong  that  her  chain 
parted  and  she  lost  her  anchor  and  forty  fathoms  of  chain.  It  is, 
however,  noteworthy  that  there  were  apparently  no  sea  waves  at 
Valparaiso  itself,  there  being  no  newspaper  account  of  such  distur- 
bances at  the  Chilian  port.    The  fact  seems  to  be  that  the  tidal 
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waves  in  the  vicinity  of  Valparaiso  did  not,  owing  to  the  great 
depth  of  the  water  along  the  coait,  attain  any  considerable 
amount,  failing  thereby  to  produce  damage  or  attract  attention. 

16.  The  Sea  Wave*  observed  at  Honolulu,  San  Diego  and 
San  Franei»eo.  The  tidal  disturbances  due  to  the  Valparaiso 
earthquake,  recorded  on  the  tide  gauges  at  Honolulu,  San  Diego, 
and  San  Francisco,  whose  direct  arcual  distances  from  the  origin  of 
disturbance  are  respectively  96°  21',  70°  12',  and  82°  52',  were 
as  follows.  * 

Honolulu. 
V-  =  21818'N;       ;  =  157°\V. 
The  time  used  is  that  of  longitude  157°  30'  W,  or  10*  30"  after  G.M.T. 

Slight  traces  of  disturbances  appeared  at  about  3  A.M.  (Aug. 
17th),  the  period  being  33.3""".  But  the  distinct  movement  began 
first  at  5*  15"  A.M..  and  remained  active  for  the  next  20  hours  :  — 
T=25.5  rain.,       2a=0.28  ft. 

In  the  subsequent  portion,  (the  movement  continued  more  or 
less  active  till  Aug.  19th):  — 

.T=26.3min.,  2a=0.15ft. 
lr=45.3  „ 


San  Diego. 

U.S.  Quarantine  Wharf.    ?  -32°  42'  N  ;    X=\\T  10'  W. 
The  time  is  the  Western  States  Time,  or  8  hoars  after  G.M.T. 
The  movement  was  indicated  distinctly  first  at  GA  30"  A.M., 
and  remained  active  till  about  G*  40"  P.M.  :  — 


•  Denoting  by  T  and  2a  the  complete  period  and  the  range,  or  doable  amplitude,  of  the 
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T=21.8min.,  2n=0.45ft. 
7  =  1(3.2  „ 
T=59.1  „ 

San  Francisco. 

Presidio.    f  =  3T°48'N;   ;.=  122°30'W. 
Time  ussd  :    Tin  Western  States  Time. 

The  distinct  movement  began  at  7*  42"  A.M.,  remaining 
active  till  about  11*  P.M.  Up  to  about  8''  30"  P.M.,  the  pre- 
dominating oscillations  were  as  follows:  — 

T= 59.1  mm.,       2a =0.28  ft. 
T=21.3  „ 

Thereafter  the  oscillations  were  as  follows:  — 
r= 4 1.0  mm.,       2a =0.28  ft. 
T=25.2  „  2a=0.24  „ 

17.    The  Sea   Wares  observed  at  Japanese  Coasts.  The 

sea  waves  due  to  the  Valparaiso  earthquake  were  also  recorded  at 
the  different  tide-gauge  stations  on  the  Pacific  coasts  of  Japan. 
The  following  is  a  short  description  of  the  mareogram  obtained  at 
Kushimoto,  a  small  sea  port  situated  at  the  southern  extremity  of 
the  Kii  peninsula. 

(i)    Kushimoto.    y=33°27'N;    ;.=  135'45'E. 

Time  us?d  is  that  of  longitude  135*  E. 

The  sea  waves  began  to  appear  at  9*  27"  A.M.,  Aug.  18th. 
For  the  first  41",  there  were  two  small  oscillations,  of  T=20.5  min. 
For  the  next  2A  49.5",  there  were  8  oscillations  of  T=  21.2  min., 
whose  magnitude  gradually  increased,  the  7th  having  the 
maximum  motion  of  44  cm.  The  very  initial  motion  was  directed 
upwards  (2«=G  cm.) 
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For  the  next  4A  25",  the  movement  became  smaller,  the  pre- 
dominating period  being  shorter:  — 

T-  11.9  mm.,  2a=l0ctn 

Thereafter  the  movement  became  again  larger  ami  .slower:  — 

T=22.3mtn.,       2a  =  lG.5cm. 

( ii )  Hakodate  .  <f = 4 1°  40'  N  ;  =  140'  44'  E. 
Ayukaua  :  if = 38°  18'  N  ;  i.  =  14 1°  31'  E. 
Misaki :        c  =  3.j°  9' N  ;    ;.=  1399  37'E. 

The  times  of  commencement  of  the  sea  waves  at  these  three 
places  were  as  follows*  :  — 

Hakodate    ...  10.02  A.M..  Aug.  18th. 

Ayukawa    9.29   „  „ 

Misaki   8.23  

1  have  also  examined  the  marcograms  obtained  at  the  stations 
on  the  Japan  !Sea  side.  But  these  gave  no  clear  evidence  of 
the  existence  of  the  sea  waves  due  to  the  earthquake  in  question. 

18.    The  Velocity  of  JPropagafion  acronn  the  Pacific.  As 

is  well  known,  the  propagation  velocity  (r  or  r')  of  sea  waves  may- 
be calculated  in  two  different  ways  as  follows: - 


v'=V  gh   (2) 

In  (1),  s  denote  the  distance  between  the  earthquake  origin 
and  a  given  tide-gauge  station,  being  the  time  interval  taken 
by  the  sea  waves  in  traversing  that  distance.    In  (2),  y  is  the  ac- 


•  Taken  from  Dr.  K.  Honda  s  pa?er  :  Un  the  Velocity  of  Sea  Wave*  through  the  Pacific.  Tokjo 
Sugaku-Butuiijakkwai  Kiii-Gaijo.    Vol.  Ill,  Xo.  9. 
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celeration  due  to  the  gravity  and  h  the  mean  sea  depth  along  the 
distance  *.* 

Kushimoto.  Accorning  to  §  11,  the  time  of  earthquake  occur- 
rence at  the  origin  was  0''  40"  05  (G.M.T.).     Hence  :  — 

<tt=Qak  47-. 

The  great  circle  connecting  Kushimoto  with  the  earthquake 
origin  (?=31°S,  ^=73°W)  is  155.c5  (=*)  in  length,  passing  on  the 
whole  through  deeper  parts  of  the  Pacific.  The  mean  depth  h  is 
about  4470  metres.    We  thus  obtain :  — 

(v  =202  metres/sec. 
I  v  =  V  gh  = 209  metres/sec. 
Honolulu.    For  the  Honolulu  observation,  we  have:  — 

s=96°  21'  ;       d  t= 15*05"  ; 

s  being  the  distance  along  the  groat  circle  connecting  Honolulu 
with  the  earthquake  origin,  along  which  the  mean  depth  h  is 
about  4150  metres.    We  have  therefore :  — 

!v  =  =197  metres/sec. 

v'—^y  gh  =201.6  metres/sec. 

In  these  two  case?,  the  agreement  between  the  velocities 
calculated  by  the  two  different  methods  are  in  fair  agreement  with 
ono  another. 

San  Francisco  and  San  Diego.  The  time  intervals  «  t  for  San 
Francisco  and  San  Diego  were  respectively  15*  02"  and  13*  50". 
The  great  circles  between  these  two  places  and  the  earthquake 
origin,  whose  lengths  (*)  are  82s  52'  and  70°  12',  pass  very  closely 
off  the  coast,  the  mean  depths  (h),  measured  a  little  outward  (or 


•  A  correction  to  the  formula  (2)  has  been  given  by  Dr.  C.  Davison.   Phil.  Mag.,  Jan.  1897. 
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westward)  of  these  ares,  being  respectively  about  4210  and  4220 
metres.    We  thus  obtain:  — 


In  each  of  these  two  cases,  the  actual  velocity  v  is  much 
smaller  than  that  deduced  from  the  mean  yea  depth,  the  discre- 
pancy being  probably  due  to  the  inexactness  of  the  assumed  wave 
path,  which  runs  parallel  to  the  coast. 

19.  Condition.  The  foregoing  are  only  fragmentary  notes 
on  the  Valparaiso  and  Aleutian  earthquakes.  A  fuller  account  of 
the-  sea  waves  propagated  across  the  Pacific  will  be  given  in  a 
future  number  of  the  "  Bulletin." 


San  Francisco 


San  Diego 


Tokyo.  Jan.,  1907. 


Digitized  by  Google 


On  the  Distribution  of  Recent  Japan  Earthquakes. 

By 

F.  Omori,  Sc.  D., 

Member  of  tbe  Imperial  Earthquake  Investigation  Committee. 

I.  PRELIMINARY. 

1.  Arrangements  of  Earthquake  Zone*.  Let  A  (Fig.  1) 
represent  a  portion  of  the  earth's  surface,  which  is  being  depressed 
down.  Then  it  can  easily  be  demonstrated  that  there  will  be 
formed  in  the  surrounding  region  two  systems  of  weak  lines,  as 
shown  in  the  figure.  These  are,  firstly,  concentric  arcs,  and 
secondly,  radial  lines,  corresponding  respectively  to  the  dislocations 
and  the  cracks  in  the  earth's  crust. 


Fi^    1  Fig.  '2 


Let  us  next  vary  slightly  our  supposition,  and  assume  A  (Fig. 
2)  to  be  a  portion  of  the  earth's  surface,  which  is  pushed  from  one 
side  by  a  pressure  P.  In  this  case  there  will  be  formed  two 
systems  of  the  weak  lines,  similar  to  those  mentioned  above  ;  the 
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concentric  lines,  however,  becoming  in  this  case  foldings  in  the 
earth's  crust.  One  of  the  consequences  of  the  existence  of  the 
horizontal  pressure  P  is  that  the  outer  (or  convex)  and  the  inner 
(or  concave)  sides  of  the  region  under  consideration  differ  material- 
ly in  the  topographical  features  :  the  former  heing  much  steeper 
in  gradient  than  the  latter.  (See  also  Fig.  4).  A  may  be  a  great 
mountain  chain  or  a  series  of  islands,  arranged  in  a  curvilinear 

Fig.  2  h  a  diagrammatic  representa- 
tion of  the  Japanese  islands,  which, 
as  shown  in  Fig.  3,  forms  a  circular 
arc,  whose  convex  and  concave 
sides  are  turned  toward  the  Pacific 
Ocean  and  Japan  Sea  respectively  ; 
a  glance  at  any  map  of  Japan  sug- 
gesting the  idea  that  the  islands 
were  caused  to  assume  their  curvi- 
linear form  by  tho  pressures  acting 
from  the  Japan  Sea  side.  The  dif- 
ference in  the  steepness  of  the 
gradient  between  the  two  sides  of 
the  island  arc  of  Japan  is  illustrated  in  Fig.  4,  which  gives  an  ideal 
cross  section  of  tho  latter. 


Pressure 


Fig.  3 

The  dotted  lino  shows  tho  general 
curve  form  of  Japaneeo  islands. 
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As  is  well  known,  the  Japan  Sea  is  shallow  and  its  greatest 
depth  is  only  3000  metres  ;  the  gradient  of  the  sea  bottom,  which 
is  shallow,  varying  from  1  in  G7  (off  the  coasts  of  Uzen  and  Ugo) 
to  1  in  110  (off  the  coasts  of  San-in  Do  provinces).  The  average 
gradient  to  the  basin  of  1000  metre  depth  from  the  west  coasts 
of  Hokkaido  is  1  in  220.  On  the  other  hand,  the  Pacific  Ocean  is 
very  deep,  the  Tuscarora  basin,  which  lies  off  the  northeastern 
coasts  of  Japan,  reaching  the  depth  of  over  8000  metres  at 
distances  of  180  to  380  *"  from  the  coasts.  The  gradient  of  the 
Pacific  bottom  is  much  steeper  than  in  the  case  of  the  Japan  Sea, 
being,  for  example,  as  follows  :  — 

Off  the  coast  of  Nemm  o   1  iu  '27 

„  NE        „  Main  Island   1  in  30 

,,  coast  of  Kii  (to  5000  metres  depth)    1  in  24 

„    „     „  Tosa  (  .,  )    1  in  32 

„  SE  coast  of  Ka/.nsa  and  A wa  (to  3000  metres  depth)  ...  1  in  10 

S.  Himalayas.  The  Himalayan  mountain  ranges  furnish 
also  a  good  example  of  the  relation  between  the  curvature  and  the 
steepness  of  the  gradient,  and  form,  as  diagrammatically  shown  in 


Fig.  5. 

Shotting  the  jjeiierol 
cmr**  of  iho  Hiinnlnyns 


India 

Fig.  5,  a  very  beautiful  circular  arc  extending  in  an  east-west 
direction.    The  convex,  or  southern,  side  is  very  steep,  the  great 

- 

mountains  rising  almost  abruptly  from  the  flat  plane  grounds  of 
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India.  On  the  other  hand,  the  concave,  or  northern,  side  is  not 
steep,  constituting  the  plateau  of  Tihet. 

4.  Sumatra  and  Jara.    The  two  islands  of  Sumatra  and 

Java  also  form  together 
an  sue,  as  indicated  by 
the  dotted  curve  in  Fig. 
0.  The  sea  on  the  con- 
cave, or  north  eartern, 
side  is  shallow  (under 
'200  metres),  while  that 
on  the  convex,  or  south- 
western side  is  much 
deeper  (over  500* )  me- 
tres); it  being  also  note- 
worthy that,  in  the  case  of  Sumatra,  mountain  ranges  lie  close  to 
the  convex  side. 

5.  Aleutian  lalandm.  The  Aleutian  islands  form  a  regular 
arc  stretching  in  an  east-west  direction.  Here  again,  the  sea  on 
the  convex  (southern)  side  is  much  deeper  than  that  on  the  con- 
cave (northern)  side.    (See  the  preceding  Article.) 

O.  Relation  between  the  Curvature  and  the  Seimnie 
Activity.  In  simple  cases,  like  those  above  mentioned  in  which 
there  is  a  regular  arc  of  mountain  ranges  or  series  of  islands,  the 
convex  side  is  often  shaken  by  great  earthquakes,  while  the 
concave  side  is  disturbed  only  by  occasional  local  shocks. 

7.    Distribution  of  Dcntruetiee  Hart hquaJeea  in  Japan.* 

The  origins  of  the  221  destructive  earthquakes  of  Japan  proper, 

*  A  very  \alu;il>le  investigation  on  the  distribution  of  a  u  ml  I  Jujuin  earthquakes  of  recent 
years  has  l.«een  n  by  Count  F.  de  Montessue  de  Hallore  in  An-Uhet  iU*  Science  I'hy*.  tt  Sat. 
1S97. 


Fig.  <5. 

The  doited  line  indicate  the  general 
curvature  of  tie  two  islmds  of  Sumatra  and  Java. 
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which  happened  between  the  5th  century  and  the  present  time, 
were  approximately  as  follows:  — 

Inline!  origins    114 

Psvifif  47 

Japan  Sea  origins   17 

Inland  J?>ea          ...    .••    •••    ■*■    ...    ...    ...    ...  2t 

(unlnoiPii    41) 

Again,  among  the  above-mentioned  224  earthquakes,  there 
were  10,  which  were  very  extensive  and  violent.  Of  those,  3 
happened  in  central  Japan,  while  the  remaining  7  originated  off 
the  south-eastern  coast  of  the  Japanese  islands,  each  being  accom- 
panied  by  great  tidal  waves. 

A  consequence  of  the  difference  in  the  seismic  activities  of  the 
two  sides  of  the  Japan  arc  is  that  there  were  on  the  Pacific  coast, 
23  great  tidal  disturbances  of  seismic  origin,  while  on  the  Japan 
Sea  coast  there  were  only  5  small  cases  of  such  disturbances. 

II.   RECENT  STRONG  JAPAN  EARTHQUAKES. 

8.  Vintribution  of  the  Or  tain*  of  Strong  Japan  Earth- 
qua  ken  in  Recent  Yearn.  The  systematic  earthquake  observation 
in  Japan  was  commenced  in  1885,  and  there  were,  during  the  next 
21  years,  257  earthquakes  which  originated  in  or  around  Japan, 
and  some  of  which  were  destructive  or  semi-destructive,  the  rest 
being  strong  or  moderate  shocks,  each  with  a  land  area  of  distur- 
bance* greater  than  about  1,000  square  ri,  or  25,000  square  miles. 
The  origins  of  these  257  earthquakes  were  distributed  among  the 
following  23  groups. 

•  The  aren  of  diaurUxnce  sigoifi  .s  th<-  uro  i  within  which  the  earthquake  motion  was  ientibU. 
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A.  Off  the  SE  coast  of  Hokkaido  and  the  E  coast  of  the  }fain 
Island.  The  138  earthquakes  belonging  to  this  group  may  be  sub- 
divided as  follows :  — 

i.    Off  the  coasts  of  Nemuro  and  Kushiro   25 

II.    Between  Ilidaka  and  Mutsu   2 

ill.    Off  the  coasts  of  Mutsu  and  IUku  . dm    31 

Iv. 

^  •  ii           1 1        X wftk i    ...    . . *    ...    ...          ...    ...  ]0 

vl»      ft           n        IliUiclii  ,    ...    ,   14 

vll.      ,,  eastern  coast  of  the  Kazn»a-A\va  Peninsula    11 

vlli.        coast  of  Izu   8 

B.  Off  the  E  coast  of  Kii    1 

C  SE  coast '  of  Kyushu:  — 

(     I.    In  the  S  part  of  the  Hyuga  Nada   3 

<    tl.       „     Vicinity  of  Yaku  and  Tane  Islands    3 

(  ill.    To  the  E  of  Oshitna   1 

n.    Off  the  W  coast  of  Kii    1 

K,  Cajte  of  Murolo  (Tosa)   1 

F.    Akita  and  ShOnai  District: — 

!i.    Off  the  coast  of  Akita     1 
11.   Vicinity  of  Sakata    1 

€?.    Vicinity  of  Koto :  — 

!l.    Off  the  coast  of  Toyama  (Etchu)    1 
ii.       „      W  coast  of  the  Peninsula    3 

H.  Hoki  and  Izumo: — 

!l.    Off  the  coast  of  Hoki   1 
II. 
h          »>     ii  Izumo    2 

I.  Western  part  of  Jlikuchu  and  Eastern  Part  of  Vy,)    :{ 

«/.    Musashi  and  ShimOsa  District.:  — 
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i.    ME  Tart  of  Musaslii   5 

il.    W  Part  of  Sliirnosa    4 

III.    \V  Purl  of  Hitachi    ] 

iv.    S  Tart  of  Shiniotsnko    -J 

K.    Tokyo  Jhi if  and  Saijami-Xada: — 

(   I.    In  Tokyo  Bay    0 

<  II.    ,,  Sagami-Nada   2 

(ill.    „  Uroga  Channel    1 

/,.    Sayuni,  Kai  and  Stirwju  District    5 

M.    Fchiyo,  Shinatto,  and  Uida  District:  — 


I.    Central  and  W  Tarts  of  Echigo    5 

II.  N  Part  of  Sbinano    H 

III.  E  and  S  Ports  of  Hida    3 


JV.    MinOj  Oicari,  and  Kchizen  District  :  — 

I  •         ^  I J  HO         -••          ■  .  .          *»•           •  ■  a          •  •  •          ■  a  ■          •  a  ■                          •■•           ■  .  •          .  a  ■  0 

II.  Mino  and  Echizon    1 

III.  Owari  and  Mikawa    1 

Iv.    In  Owari  Bay    1 

O.    Vicinity  of  the  Lake  Piua   1 

jp.    Western  half  of  the  Inland  Sea   23 

q.    JV  Part  of  Chilcvzcn    -J 

It.     Vicinity  of  Kumamoto   3 

S.    hi  the  S  Dart  of  Satsumaf  and  off  the  W  coast  of  the 

Peninsula    3 

T.     Vicinity  of  the  Jshiyalci  Island  (Loo  Choo)    1 

47.                        Yaeyama          (      ,,      )    1 

V.    Qjt  the  K  coast  of  Formosa    4 

IF.    In  the  S\V  Part  of  Formosa    2 
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Fig.  8  illustrates  the  distribution  of  the  earthquake  origins  as 
tabulated  above  ;  Fig.  7,  which  serves  as  a  key  map,  giving  the 
names  of  the  different  province*.  It  will  he  seen  that  the  most 
active  .seismic  zone  at  present  is  .1,  or  that  stretching  off  the 
eastern  coasts  of  Hokkaido  and  Main  Island,  the  numher  of  the 
earthquakes  which  occurred  in  these  parts  of  the  Pacific  Ocean 
amounting  to  l.'JS,  or  more  than  half  of  the  total  numher  of  the 
shocks  relating  to  whole  Japan.  The  zone,  «,  marked  by  a  thick 
dotted  line,  represents  the  approximate  focus  of  the  great  earth- 
quake* of  the  4th  year  of  the  Hoyei  period  (Oct.  2S,  1707);  the 
two  great  sheeks  in  the  1st  year  of  the  Ansei  period  (Dec.  2:>  and 
21,  18"4)  originating  respectively  at  the  eastern  half  (between  Kii 
and  Izu)  and  the  western  half  (between  Kii  and  Kyushu)  of  this 
zone.  .1  is  evidently  continued  to  a,  which  is  itself  again  conti- 
nued to  the  zone  C,  stretching  from  the  southern  part  of  Hyuga 
Nada  to  the  cast  of  Oshima. 

A,  a,  and  cr  together  form  the  principal  sub-oceanic  earth- 
quake zone  of  Japan,  which  runs  parallel  to  the  convex  side  of  the 
latter  and  may  bu  named  external  seismic  zone.  In  former  times  a 
was  most  active,  but  at  present  A  is  very  active. 

On  the  Japan  Sea  side,  there  are  three  seismic  regions  V 
(Akita  and  Shnnai),  o  (vicinity  of  Xoto),  and  H  (lloki  and 
Jzumo),  whose  activity  is  far  less  than  that  of  the  external  seismic 
zone  above  mentioned.  Of  these  three  regions,  the  most  impor- 
tant is  F,  which  in  historical  times  produced  some  violent  shocks. 
b  and  c  represent  respectively  the  approximate  positions  of  the 
great  Sado  and  Shonai  earthquake  of  Dee.  7,  lS:io,  and  the  Hama- 
da  (Iwami)  earthquake  of  March  11,  1872.  These  two  latter 
regions  form,  together  with  M>\  €i,  and  H,  a  continuous  band  along 

•  This  was  the  |»r<:it<  nt  among  the  earthquakes  which  «ver  shook  Japan. 
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the  concave,  side  of  the  Japanese  islands,  and  may  he  termed  the 
inner  seismic  zone. 

Among  the  other  earthquake  districts,  the  most  active  are:  — 
M,  which  mainly  coincides  with  the  valley  of  the  Shinano-</<"<vi 
and  extends  from  the  middle  part  of  Kehigo  to  the  northern  part 
of  Shinano  and  the  eastern  part  of  Hida;  K,  Tokyo  Bay  and 
Sagami-AW<i ;  a;  Mino,  Owari  and  Kchizen  District;  and  J*  the 
western  half  of  the  Inland  Sea. 

The  different  earthquake  districts  shown  in  Fig.  8  may  he 
divided  into  two  systems,  namely,  the  "concentric"  and  the 
"radial,"  as  mentioned  in  §1.  To  tho  "concentric"  system 
helong  the  external  and  inner  seismic  zones;  Jlf  (Kehigo,  Shinano  and 
Hida);  K  (Tokyo  Bay  and  Sagami-.Vti<i<i);  JP  (Inland  Sea),  etc. 
Among  the  "radial  "  districts,  the  most  conspicuous  is  JV,  or  the 
Mino,  Owari  and  Echizen  zone. 

9.  Seismic  Activity  alona  the  Medttcrranean-Himatauan 
Zone.  Fig.  0  indicates  the  approximate  positions  of  11  recent 
destructive  earthquakes  belonging  to  the  Mediterranean-Himalayan 
Zone  (marked  II),  provisionally  supposed  to  extend  eastwards  to 
Formosa,  *  as  follows :  — 

1.  Assam  and  Bengal,  June  12,  1897. 

2.  Aidin  (Smyrna),  Sept.  20,  1890. 

3.  Schemacha  (Caucasus),  Feb.  1002. 

4.  Kashugar  (Turkestan),  Aug.  22,  1002. 

5.  Saloniki  (Macedonia),  April  4,  1004. 

(>,  7,  10,  11.    Formosa,  April  24  and  Nov.  0,  1004,  and 
March  17  and  April  14,  1906. 

•  See  tho  Hulktin,  No.  1.  p  p.  20-24. 
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<s.    Kangra  Valley  (Punjab,  India),  April  1,  1005. 
0.    Calabria  (Italy),  Sept.  ft,  1005. 

o  and  c  in  the  figure  indicate  the  existence  of  seismic 
centres  in  China  and  the  Baikal  district,  the  two  former  being  for 
the  present  in  a  quiet  condition.  Of  the  11  earthquakes,  Nos.  1, 
2,  4,  5,  ft  and  0  were  very  great  disturbances  and  happened  at 
different  places  along  the  zone  in  question. 

lO.  Relation  of  Japan  Are  to  Mediterranean- Himalayan 
ami  Ameriean  Zone*.  The  most  active,  or  external,  seismic  zone 
of  Japan  (I,  Fig.  S)  forms  a  connecting  link  between  the  Mediter- 
ranean-Himalayan zone  and  the  great  American  zone,  which  latter 
stretches  along  or  off  the  Pacific  coast  from  Chile  on  the  south  to 
Alaska  on  the  north;  J  the  Aleutian  Island  earthquake  of  Aug.  17, 
1000,  having  finally  brought  the  manifestation  of  the  great  seismic 
activity  to  within  2000*'*  of  the  north  Japan. 
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Note  on  the  Direction  and  Magnitude  of  the  Vibrations 
in  the  Different  Phases  of  the  Earthquake  Motion.* 

A.  Imamura,  Sc.  D., 

Extraordinary  Member  of  tha  Imperial  Earth  [nako  Invostig  ition  Committee. 

1.  The  present  note  contains  the  result  of  study  on  the 
observations  at  Tokyo  concerning  the  magnitude  and  direction  of 
seismic  movements  originating  from  distant  centres.  The  direc- 
tion of  movements  is  examined  with  reference  to  the  path  of  the 
wave  transit,  which  is  assumed  to  coincide  with  the  great  circlo 
passing  through  the  observing  station  and  epicentre;  the  calcula- 
tion being  made  according  to  the  formula 


where  J  represents  the  angle  between  the  great  circle  and  the 
meridian  of  the  observing  station.  «  the  angular  epicentral  dis- 
tance at  the  latter,  and  <f  and  <?'  the  latitudes  of  the  station  and 
the  epicentre  respectively,  f  The  direction  of  the  seismic  motion 
has  been  obtained  by  composing  the  two  horizontal  movements  of 
a  few  well-defined  vibrations  at  the  beginning  of  the  different 
phases  in  the  seismograms,  which  were  given  by  Oniori  II.  P. 
Seismographs  registering  EW  and  NS  motions. 

•  Al  struct  of  a  paper  real  U tort?  the  nutting  of  the  Imp.  Karth.j.  Inv.  Coujui.  oa  Dec.  5, 
1!K)<;,  with  addition  of  1  ho  <l;*ciif.Ei  >n  o:  earthquakes  No*.  4  anil  !". 

t  The  f.jrn.uia  for  the  calculation  of  8  is  eo*  5  —  sin  ^  sin  cos  s  cos  f  c  s  ().->.).  where 
X  and  >  repn-fent  the  I  n,-iti,  U-s  ..f  the  i  baervin^  station  and  the  epicentre  respectively. 


]26  A-  Imatnura:  Notion 


2.  The  earthquakes  taken  into  consideration  ure  us  fol- 
lows :  — 

TABLE  I. 


Group.  No. 

Dato. 

Epicentre:          )          ?  r) 

J 

T 

I 

2 
3 

4 

Sept.    29,  1899 
Jolv    29.  1900 
Juno      1,  1900 
Not.    19.  1906 

Ceram.                  129"  E  CS 
New  HobruU*.         I7j°K  IT'S 
N.  Aurtmlio.           139°E  13*S 
W.  Amtralia.      104°50'K  21927S 

42°  54  .0 
59°  5S  .G 
42  .4 
(M°  1.8 

S  15°.8  W 
S  33°  .8  E 
S    l°.l  W 
S  35°.7  W 

11 

5 
0 

Autf.    22,  1902 
April     4,  1903 

Turkestan.              75°K    S9-.5X    50°  20.1 
India.                     77°E    31°.8N    51»  26  .4 

XC5M  W 
N  75°.l  W 

III 

7 
8 

y 

Oct.      9.  1000 
April  18.  1006 
Jan.    31.  1900 

Alasca.                 140°W  G0°X 
San  Fnnciwo.       123«W  3S°.3X 
Columbia.               79°  W  r.°X 

54°  57 .2 
73°  29  .3 
126"  2(1.7 

N  37°.0  E 
N  54°2  E 
N  50.M  E 

Of  these,  the  first  four  originated  in  Javan  district,  the  next 
two  in  the  Himalayan  district,  and  the  last  three  in  the  Pacific 
side  of  America.  Thus  the  earthquakes  in  Groups  I,  II  and  III 
were  propagated  to  Tokyo  nearly  from  south,  west,  and  north-east, 
respectively. 

3.  The  positions  uf  the  epicentres  given  in  the  table  were 
obtained  as  centres  of  the  most  disturbed  areas,  except  for  the 
suboceanic  earthquakes  Nos.  2-4,  whose  origins  were  determined 
by  means  of  the  following  observations  concerning  the  time  of 
commencement.* 

No.  2:—  T  8.7"  at  Tokyo,  7''  9.7"  at  Batavia,  7"  11.7"  at 
Calcutta,  7'  12.0"  at  Victoria,  7A  15.2"  at  Mauritius,  V'  17.8"  at 
Cape  of  Good  Hope. 

No.  3: -4*  38.2"  at  Tokyo  (dur.  of  p.  t.=8"  25'),  4*  38.2"  at 


•  Time  i*  Kiven  in  Greenwich  mean  time. 
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Osaka  (dur.  of  p.  t.=8"  25'),  4A  35. H"  at  Perth,  ih  37.1"  at 
Batavia,  1*  41.0"  at  Bombay,  4*  3JI.8"  at  Calcutta. 

No.  4:— 7A  2S.tr  at  Tokyo  (dur.  of  p.  t.=  l<>"  13'),  7*  20.5"  at 
Perth. 

The  most  important  datum  for  the  determination  of  the 
epicentre  in  No.  4  is  the  observation  of  the  sea-quake 
on  board  the  steamer  Omrah  at  a  point  long.  104S50'E,  hit. 
21°27'S. 

I.  That  the  different  phases  of  seismic  movements  have 
different  directions  may  probably  be  best  understood  from  the  dia- 
gram of  the  earthquake  No.  3.  (see  PI.  XXX.)  In  the  seismogram, 
not  only  the  commencement  of  the  1st  prel.  tremor  (I),  but  also 
that  of  the  2nd  one  (II)  and  its  successive  waves  (a-d)  are  larger 
in  the  NS  than  in  the  E\V  component,  while  this  relation  is 
quite  contrary  in  the  1st  princ.  portion  (III-D).  It  will  also  be 
seen  that  the  3rd  phase  of  the  princ.  portion  (V-r)  is  enlarged 
in  the  NS  component  only.  I  have  hardly  any  reason  to 
assume  such  peculiarities  as  errors  due  to  the  instruments  which 
are  most  reliable  ones  in  our  Institute,  the  pendulums  of  EW 
and  NS  components  having  G1.5  and  48.5  sec  as  the  periods  of 
free  vibration,  and  15  and  20  times  as  the  magnifications  of  their 
writing  indices  respectively.  The  same  instruments  registered 
both  components  in  Nos.  4,  G  and  0,  and  NS  component  in  No.  8. 
The  other  component  in  the  last  named  earthquake  is  taken  from 
the  illustration  given  by  Prof.  Onion  in  the  Publ.  of  the  Imp. 
Earthq.  Inv.  Comm.,  No.  21,  Appendix  II.  With  respect  to  the 
diagrams  of  the  four  other  earthquakes,  the  EW  component  in 
Nos.  1  and  5  was  recorded  by  the  instrument  A,  that  in  Nos.  2 
and  7  by  I)  and  C  respectively,  while  the  NS  component  in  Nos. 
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TABLE 


Earth- 
quake 

No. 

nent. 

1st  preliminary  tren:or. 

2nd  preliminary  tremor. 

I-a'  a'-b'  b'-c'  aver, 
mm. 

Resultant 

II-a  a-b  b-c  c-d  d-o.  aver, 
mm. 

Kesultant 

/]ir  nrtif\ 

it ir.  uuip< 

dir.  amp. 

1 

E-W 
W-E 

Began  gradually. 

—  — 

•10            -20  .u 
■15  '10 

S27°  4W  30 

N-S 
S-N 

Bagan  abruptly. 

17            10  27 
'24            1 1 

2 

E-W 
W-E 

Began  gradually. 

—  - 

G5  1-07 

S41°8E  142 

x-s 

Began  very 

auruptiy. 

1-20            -SO  ..^ 
•75          15*1                1  uo 

3 

E-W 
W-E 

Began  gradually. 

•07           -07  .0- 
•07           07  ' 

Due  S  07 

N-S 
S-N 

Began  abruptly. 

-4    „e  105     ..  -67 

4 

E-W 
WE 

Began  gradually. 

•17  -M 

•33             20  _b 

S33°  7W  -47 

N-S 
S-N 

Began  gradually. 

•20             5(5  .„«, 
•40  "40 

5 

E-W 
W-E 

Began  gradually. 

—  — 

•55 

X42°W  72 

N-S 

Began  gradually. 

0 

E-W 
W-E 

•39  -37 
•54 

X04°W  .48 

•78          4  73          5"  12  .  .... 
2-10          57S  " 

N'53°-GW4C8 

N-S 
S-N 

•10  -23 

2  30         3-73  „.-„ 
•53          3  90          ::  *»  '  ' 

7 

E-W 
W-E 

Began  gnvlually. 

•78            78  5 
•78           -25  05 

X3C°8E  li)* 

N-S 
S-N 

Beginning  lar^e. 

» 

E-W 
W-E 

Begnn  gradually. 

131  333 

3-33          2 '32  " 

N  k0°-2E  3-5T 
\-.V.)°".iE  3-05 

N-S 
S-X 

Begun  gradually. 

1-70  2!>: 

305          2-20          "  * 

0 

E-W 
W-E 

Began  very 

gradually. 

07  4't-0 
200 

N-S 
S-N 

Began  very 

gradually. 

_    "  '«  1-33 
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1st  principal  portion.  3rd  principal  portion. 
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A.  Iumuiura  :  Xote  on 


1  and  7  was  given  by  B,  and  in  Xos.  2  and  5  by  one  whose 
magnification  was  10  times,  and  whose  period  of  free  vibration 
was  30  sec* 

5.  Table  II  shows  the  range  of  motion  (double  amplitudes) 
of  the  different  phases  together  with  the  resultant  directions  and 
magnitudes.  The  numbers  in  the  row  E-W  show  the  ranges  of 
motion  from  fast  to  west,  and  those  in  \V-E  the  magnitudes  in  the 
opposite  direction. 

6.  Table  III  gives  the  relation  between  the  directions  of  the 
2nd  preliminary  tremor  (II),  the  1st  (III)  and  3rd  principal  por- 
tions (V)  and  that  of  propagation.  The  deviation  of  directions 
with  positive  or  negative  sign  means  the  angle  through  which 
the  direction  of  movement  deviated  from  that  of  the  path  in  the 
counterclockwise  or  clockwise  sense.  As  it  will  be  seen  from 
the  average  values,  the  directions  of  the  2nd  preliminary  tremor 
and  the  3rd  principal  portion  are  almost  coincident  with  the 
path,  while  that  of  the  1st  principal  portion  is  nearly  normal  to 
the  latter. 


•  For  the  d.'tails  of  the  instruments,  the  reader  is  referral  to  Prof.  Ouiori  :  Put»l.  of  the 
Imp.  Karthq.  Inv.  Comm.  in  Foreign  Idngnniges.  No.  21. 
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A.  Innmnra:  Xote  on  Direction  and  Magnitude  of  Eq.  Vibration. 


7.  The  result  contained  in  the  foregoing  $  $  may  he  sum- 
marized ns  follows:  — 

(«)  The  direction  of  the  1st  prel.  tremor,  when  it  is  distinct, 
tends  to  coincide  with  that  of  the  path. 

(b)  The  2nd  prel.  tremor,  whose  direction  coincides  with 
the  path,  may  possibly  consist  of  longitudinal  waves. 

(c)  The  1st  princ.  portion,  whose  direction  is  normal  to  the 
path,  may  possibly  consist  of  transverse  waves. 

(<i)  The  paths  of  the  two  last  mentioned  phases  are  probably 
common,  as  there  are  rocks  of  older  geological  formation  giving  as 
much  transit  velocities  for  the  seismic  waves  of  longitudinal  and 
transverse  types  as  the  2nd  prel.  tremor  and  the  1st  princ.  portion. 

(f)  Of  the  magnitude  of  the  different  phase*,  the  3rd  princ. 
portion  is  the  largest,  but  no  definite  relation  could  be  found  for 
the  two  other  phases.  In  fact,  the  2nd  prel.  tremor  was  larger 
than  the  1st  princ.  portion  in  the  earthquakes  nos.  4,  G,  8  and  9 
which  had  more  distant  origins,  while  this  relation  was  quite 
contrary  in  the  case  of  the  nearer  earthquakes. 

(/)  Similarity  of  the  seismic  motion  originating  at  neighbor- 
ing centres*  is  probably  due  to  the  existence  of  definite  directions 
for  the  different  phases  and  similarity  of  the  path.  With  respect 
to  the  latter  statement,  the  earthquakes  of  Group  I,  which  were 
propagated  along  suboceanic  paths,  had  the  principal  portion 
slightly  developed  in  magnitude  and  duration  when  compared 
to  the  preliminary  tremor,  while  those  of  Group  II,  mostly  pro- 
pagated along  the  free  surface  layer  had  well  developed  principal 
portion.    This  property,  however,  requires  further  investigation. 

Jan.  1007.         Seismological  Institute,  Tokyo. 

•  Set-  Trot  Oiii  ri  :  Pndl.  of  the  Imp.  Karthq.  Inv.  Comm.  Xo.  21. 
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On  Earthquake  Zones  in  Central  Japan. 

By 

F.  Omori,  Sc.  D., 

Member  of  the  Imperial  Earthquake  investigation  Committee. 

•*•  introductory.  The  four  principal  Japanese  island*, 
namely.  Hokkaido.  Honshu  (Main  Island).  Shikoku,  and  Kyushu, 
are  arranged  in  a  curvilinear  form*,  which  maybe  divided  into  two 

portions,  namely,  the 
northern  and  southwest- 
ern halves,  whose  cur- 
vatures are  turned  in 
opposite  directions ;  their 
convex  sides  facing 
towards  and  XYV 

respectively.  Omi,  Iga, 
and  the  neighbour- 
ing provinces  may  he 
regarded  as  forming  the 
junction  between  the 
two  component  arcs; 
and  it  is  a  noteworthy 
fact  that  we  have  just 
there  great  complicat- 
ions of  topographical  features,  resulting  in  the  formation  of  the 
Bays  of  Tsuruga  and  Is  >,  and  the  lake  of  Biwa.  The  latter, 
greatest  of  the  sort  in  Japan,  forms  together  with  the  Bay  of 
Osaka  a  depression  zone,  whose  direction  is  inclined  at  an  angle  of 

•  Srt!  thi>  Hti'h-tin,  So.  2. 


Fig.  1. 

The  curve  show 4  th»  arcmil  form  of  the  northern 
half  of  Ja|\an,  while  thy  dotted  line  show* 
that  .if  the  south-western  htlf. 
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Fig.  2. 

Showing  the 
approximate 
form  o!  the 
Lake  Biwa. 


45"  to  the  central  line  or  arc  of 
the  Japanese  islands.  As 
shown  by  the  dotted  line  in 
Fig.  2,  the  Lake  of  Biwa  is 
roughly  triangular  in  form, 
and  it  is  the  object  of  the  pre- 
sent note  to  see,  if  any,  the 
relation  among  the  earthquake 
zones  in  Central  Japan  with 
reference  to  the  lake. 


2.    Zone*  of  Instructive  MCartltqnakett  in  Central  Japan. 

Great  destructive  earthquakes  in  Central  Japan,  whose  origins  can 
be  more  or  less  accurately  ascertained,  are  the  5  following:  — 

(  i )    Eqke  of  the  1st  year  of  Kcicho     :   Sept.   1,  150(5  * 


(ii) 
(iii) 

(iv) 


2nd 

1st 

1st 


Kwnnhun  :  June  10,  10G2. 
Tempo  :  Aug.  U),  1830. 
Ansei       :   July    1J,  1851. 


(v)  Mino-Owari  Kqke       :   Oct.  28,1891. 

The  Keieho  earthquake  (No.  i),  which  was  very  violent  and 
became  famous  from  the  destruction  of  the  great  Fushinri  Castle 
erected  by  Taiko  (Toyotomi  Hideyoshi),  had  its  origin  in  the 
district  extending  from  the  southern  part  of  Kyoto  to  the  towns  of 
Fushimi  and  Yodo.  On  the  other  hand,  the  Kwanbun  earth- 
quake (No.  ii),  which  was  very  violent  and  extensive  in  area, 
originated  about  10  km  to  the  NNK  of  the  first  earthquake,  namely, 
to  the  west  of  Mount  llira,  at  the  boundary  of  the  northern  part  of 


•  Prior  to  this  date  there  wore  several  destructive  earthquake  in  Kyoto  anil  the  vicinity,  the 
earliest  Kr.at  shook  having  occurred  in  8:27.  It  is.  however,  inipossil-le  to  locate  exactly  their 
origin*. 


PL.  XXXI. 

Fig.  3.    Earthquake  Zones  in  Central  Japan. 

Boundary  of  proTlnoea.  II'.  Omi  ami  Kyoto  EQ.  /.on*   [A). 

f.'V.  Zone   (/<). 

Mi  no  Otrari  Echizen  EQ.  Zone    (O- 
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the  province  of  Yamashiro  and  the  western  part  of  the  province 
of  Omi.  The  Tempo  earthquake  (No.  iii),  which  was  smaller 
than  the  Keicho  and  Kwanbun  shocks,  originated  between  the 
centres  of  the  two  latter,  being  strongest  in  the  northern  part  of 
Kyoto  and  the  adjacent  region  to  the  north.  Thus,  it  will  be 
observed  that  the  three  earthquakes  above  mentioned  all  originat- 
ed along  a  line  which  extends  from  the  western  part  of  Omi 
to  the  vicinity  of  Osaka,  in  the  direction  of  N20°E  and  S20°W. 
This  earthquake  zone,  which  may  be  called  .4 -Zone,  (Fig.  .'i), 
passes  on  the  north  through  the  city  of  Fukui  (province  of  Kchi- 
zen);  it  being  specially  interesting  that  the  severe  earthquake  of 
March  22,  1000,  which  was  felt  strongly  in  the  vicinity  of  the 
town  of  Sahae  (Fchizen),  originated  just  on  the  northern  prolonga- 
tion of  the  zone  under  consideration.  It  will  be  seen  that  the 
occurrence  of  the  different  earthquakes  along  A  was  in  accordance 
with  the  principle  explained  in  the  next  Article. 

The  Ansei  earthquake*  (No.  iv)  was  a  very  extensive  shock 
and  was  most  violent  about  the  city  of  Ueno  (province  of  Iga),  the 
epifocus.  j»-Zoue  (Fig.  being  a  zone  about  100  km  in 
length,  which  extends  in  a  mean  direction  of  STCnV — N70  F 
from  the  vicinity  of  the  city  of  Nara  (province  of  Yamato)  to  that 
of  the  city  of  Yokkaichi  (province  of  Ise).  The  western  end  of 
this  zone  also  points  to  the  city  of  Osaka,  on  the  head  of  the 
Osaka  Bay. 

Finally,  the  great  Mino-Owari  earthquake  was  caused  by 
tectonic  disturbances  which  produced  faults  extending  from  the  cen- 
tral part  of  the  province  of  Kchizen  to  the  south-eastern  part  of  the 


•  'I  his  is  different  from  the  two  jjreat  earthquakes,  also  in  the  1st  year  of  Ansei.  which 
originated  off  the  south- western  coast  uf  Japan,  respectively  on  the  23rd  and  24th,  Doc.  1954. 
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province  of  Mino.  the  vortical  and  horizontal  convulsions  of  the 
ground  being  most  markedly  manifested  in  the  famous  N\-o- 
Valley  of  the  latter  province.  There  was  very  probably  an  under- 
ground line  of  disturbance  which  formed  a  direct  southern  prolonga- 
tion of  the  Nco-Yalley  fault,  reaching  down  to  the  head  of  the 
Bay  of  Ise.  On  the  whole,  the  direction  of  the  epifocus, 
C-Zone.  (Fig.  «'>).  of  the  Mino-Owari  earthquake  was  X  203  W 
— S  20'  E. 

The  three  earthquake  /.ones,  .1,  H,  and  form  approximately 
a  right-angled  triangle,  whose  hypotheiiuse  i.-  ^t,  and  whose  right 
angle  is  formed  by  It  and  f,  these  two  latter  sides  being  inclined 
to  the  former  at  an  angle  of  A~f  or  50.°  The  great  destructive 
earthquakes  in  the  central  part  of  Japan  seem  always  to  originate 
at  some  parts  of  the  sides  of  this  seismic  triangle,  which  is 
roughly  similar  to.  and  similarly  situated  as,  the  triangle  formed 
by  the  Lake  Hiwa.  It  thus  appears  probable  that  the  latter  was 
formed  as  the  result  of  the  existence  of  some  forces  in  the  earth's 
crust  in  this  part  of  Japan.  The  zones  Hand  C  may  be  regarded 
as  being  respectively  \hu\\i\A  and  norma!  to  the  general  arc  or 
central  line  of  the  Japanese  islands. 


The  formation  of 


<! 


the  zone  .1  may  be 
explained  by  the  ap- 
plication of  the  theory 
of  the  .wcunJarii,  or 
xltt'tir.  cracks  accom- 
panying the  fault  pro- 
duced in  the  epifocal 
zone  of  a  destructive 
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earthquake.*  Thus  let  <d>  (Fig.  -1)  represent  the  boundary  between 
the  convex,  or  outer,  side  and  the  concave,  or  inner  side,  of  the 
Japan  arc.  If  now  the  latter  side  he  sheared  relatively  to  the 
former  as  shown  by  the  arrow  c,  then  there  ought  to  be  produced 
some  oblique  cracks,  as  d,  which  is  inclined  to  the  boundary  line, 
n  at  an  angle  of  45n.  d  corresponds  to  the  seismic  zone  A  or 
the  depression  formed  by  the  l>iwa  Lake  and  the  Osaka  Hay. 
That  some  such  action  of  the  terrestrial  forces  as  above  imagined 
took  place  seems  probable,  since  the  geological  formations  on  the 
exterior  or  convex  side  of  the  Japan  arc  are  regular  in  arrange- 
ment, while  those  on  the  inner  or  concave  side  are  very 
irregular  and  complicated. 

•  See  the  Ilulktin.  No.  1. 
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Recent  Strong  Earthquakes  in  the  Shinano-gawa 
Valley  (Central  Japan). 

By 

F.  Omori,  Sc.  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

J.  Introduction.  Destructive  earthquakes,  whether  great 
or  local,  are  generally  not  isolated  phenomena,  but  form  groups 
each  of  which  happen  along  a  seismic  zone  of  greater  or  less 
extent;  no  two  violent  shocks  occurring  successively  at  one  and  the 
same  place.    Thus  let  A  B  (Fig.  1)  represent  a  seismic  zone;  1,  2, 

5  1 

Fig.  1.     A  Q  @  Q  @  ^  B 

3  1  2 

3,  1  and  5  being  different  earthquake  centres.  If  now  the  first 
two  earthquakes  took  place  at  1  and  2  respectively  and  the  3rd  one 
at  3,  the  next  shock  may  be  expected  to  occur  somewhere  at  4. 
Again,  after  the  occurrence  of  the  earthquakes  1... 4,  the  5th  one 
may  be  expected  to  happen  towards  either  end  of  the  zone  under 
consideration,  say  at  5. 

2-    Strong  Earthquake*  in  the  HMnano-gatea  Valley.  The 

case  diagrammatically  illustrated  in  Fig.  1  has  exactly  been 
verified  by  the  5  strong  earthquakes,  which  happened,  between 
the  years  188G  and  1800,  in  the  Shinano-gawa  valley;  the  latter 


Earthquakes  in  tho  Shin»ao-p»wa  Valley. 
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forming  one  of  the  active  seismic  zones  in  the  central  part  of  the 
Main  Island.*  The  date*  of  these  5  earthquakes  arc  as  follows:  — 
No.  1.    .Inly  23,  1880  ;  1.00  A.M. 

2.  July  22,  1887  ;  8.30  P.M. 

3.  Jan.    7,  1890  ;  3.43  P.M. 
*     ,,4.    Jan.  17,  1807  ;  5.30  A.M. 

-y.    Jan.  22,  1891)  ;  8.04  A.M. 

It  may  l>y  the  way  he  noted  that  the  first  two  earthquakes 
occurred  at  an  almost  identical  epoch  of  the  year,  namely,  on 
23rd  and  22nd  of  July,  while  the  three  remaining  ones 
occurred  all  in  July.  This  is  one  of  the  instances,  in  which 
strong  or  destructive  earthquakes  belonging  to  a  given  seismic  zone 
tend  to  occur  at  nearly  the  same  hour  in  the  day,  or  in  the  same 
month  of  the  year.  The  approximate  positions  of  the  epicentres 
of  the  5  earthquakes  are  indicated  in  Fig.  2  by  the  numerals  1 ,  2, 
3,  4,  and  5  respectively. 

Kqke  No.  1  originated  at  the  boundary  of  the  two  provinces  of 
Kchigo  and  Shinano,  and  was  strongly  felt  in  the  counties  of 
Higashi-Kubiki  (Kchigo)  and  Midochi  (Shinano),  causing  a 
destruction  of  one  house,  besides  several  cases  of  damage  to  dozo 
(Japanese  ware  houses),  ishiijahi  (stone  retaining  walls),  etc.  Some 
cracks  of  the  ground  were  also  produced. 

Eqke  Xo.  ii  originated  in  the  Koshi  county,  (province  of 
Kchigo),  where  the  ground  was  cracked  and  water  and  sand  wero 
ejected  ;  some  temples  being  displaced  2  to  0  inches  on  their 
foundations,  and  one  person  wounded.  The  shock  was  also 
strongly  felt  in  the  two  counties  of  Mishima  and  Minami-Kanbara 
(Kchigo). 

•  This  is  the  zone  marked  M  in  my  paper  on  tho  Distribution  of  Koeent  Japan  Earth- 
quakes.   The  llttltetin.  No.  2. 
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llnp  iliiistmttijir  th.'  $l>innno-i;a« ft  K«j.  Z*na.  Small 
<ihuch>  I  .  Uipaes  indicate  tlio  n\  proiimatc  portions  of 
tho  L <;  Origins. 

Higashi-Chikuma  (in  tlio  province 
of  d i st url >ai ice  being  in  tlio  vicinity 
case,   the  motion  was  not  so  intense 


X«.  3  was  most 
severely  felt  in  the  coun- 
ties of  Kaini-Midochi, 
Higashi-Chikuma,  Kita- 
Atsumi,  and  Sarashina  (all 
in  the  province  of  Shina- 
no).  Houses  and  dozos 
were  damaged,  cliffs  and 
roads  were  cracked,  tomb 
stones  were  overturned, 
water  and  sand  were  eject- 
ed from  ground  cracks. 

K>jkc  So.  1  was  severe- 
ly felt  in  an  area  of 
about  (50  square  miles  in 
the  two  counties  of  Kami- 
Takai  ami  Kami-Midochi 
(in  the  province  of  Shina- 
no).  The  seismic  damage 
was  nearly  the  same  as  in 
Kqke  No.  o,  the  epicentre 
being  probably  situated  on 
the  eastern  side  of  the 
Shina!)o-;/<"r</. 

Eqh'  Xo.  o  was  strong- 
ly felt  in  the  counties  of 
Suwa,  Kami  Ina,  and 
of  Shinano).  the  centre 
of  Lake  Suwa.  In  this 
as  in  the  four  preceding 
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shocks,  duo  prol»ably  to  a  greater  depth  of  its  origin. 

Summary.  It  will  ho  observed  that  the  5  earthquakes  above 
described  were  each  a  local  severe  shock,  whose  damge  was  limited 
to  cracks  of  the  ground,  some  injury  to  buildings,  and  the  like. 
Further,  (2)  originated  about  33  miles  to  tho  XXE  of  (1),  while  (3) 
originated  at  a  greater  distance  in  the  opposite  direction,  at  50 
miles  to  the  S\V  of  (1),  namely,  a  little  distance  to  the  SE  of  the 
town  of  Omachi.  Thus  it  was  very  likely  that  the  next  place  to 
be  visited  by  a  strong  shock  was  between  (1)  and  (3).  This  has 
been  fulfilled  by  the  occurrence  of  the  next  earthquake  at  (4)  or 
the  vicinity  of  the  city  of  Xagano.  The  famous  great  earthquake 
of  Zenkoji  on  May  11,  1844,  was  of  the  same  character  as,  but 
much  more  violent  than,  Eqke  Xo.  4. 

The  occurrence  of  Eqke  Xo.  5  further  southwards  was  in 
accordance  with  the  natural  order  of  things  to  be  expected. 

3.    SeiHinic  Activity  in  America*  A  via  and  Europe.  The 

successive  occurrence  in  recent  years  of  a  number  of  destructive 
earthquakes  along  the  American  and  Mediterranean-Himalayan 
seismic  zones*  furnish  another  illustration  of  the  principle  ex- 
plained in  $  1,  manifested  in  a  grand  scale. 

•  Ste  the  llitlUtin,,  Ncs.  1  find  2. 
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Note  on  the  Eruptions  of  the  Unsen-dake 
in  the  4th  year  of  Kansei  (1792). 

By 

F.  Omori.  Sc.  D., 

Member  of  tlie  Iroporiul  Earthquake  Investigation  Committee. 

The  eruptions  in  the  4th  year  of  Kansei  (171)2)  of  the  Unsen- 
dake  which  stands  on  the  peninsula  of  Shimabara,  in  the  province 
of  Ilizen  (Kyushu),  extended  over  a  period  of  nearly  4  months. 
They  were  preceded,  for  several  weeks,  by  a  number  of  small 
shocks,  which  caused  some  landslips  from  mountain  slopes;  the 
first  eruption  having  taken  place  on  Feb.  12,  1702,  at  midnight, 
near  the  top  of  the  Fuken-sau  (H7Sm  above  the  sea  level),  ono 
of  the  highest  peaks  of  the  mountain.  Subsequently  there  were 
several  eruptions  from  different  neighbouring  places,  attended  by 
numerous  detonations  and  earthquake  shocks.  Of  the  latter,  those 
on  April  21st  and  22nd  (March  1st  and  2nd,  Lunar  Calendar) 
were  the  strongest,  causing  in  the  town  of  Shimabara  some 
damage  to  buildings  and  cracks  of  ihe  ground  about  1  inch  in 
width.  The  final  catastrophe  occurred  at  about  G  o'clock  in  the 
evening  of  May  21st,  (April  1st,  Lunar  Calendar),  when  two 
violent  earthquake  shocks  took  place,  and  the  entire  southern  slope 
of  the  Mae-yama  (870m  above  sea  level),  which  is  opposite  the 
town  of  Shimabara,  slipped  down,  producing  an  immense  avalanch 
of  rocks  and  earth.  The  latter  quickly  descended  into  tho  sea  of 
Ariake,  which  separates  the  Peninsula  from  the  province  of  Higo, 


Eruptions  of  Un»>n-dakc. 


143 


causing  a  considerable  change  in  the  topography  of  the  harbour. 
Amongst  others,  three  small  islands  were  wiped  out  of  existence, 
and  several  dozen  others  newly  created.  Simultaneously  with  the 
landslip,  great  sea  waves  were  formed,  which  rolled  in  along  the 
shore  and  attained  at  some  places  a  height  of  20  to  30  feet,  causing 
devastations  among  17  villages  along  the  eastern  coast  of  the 
Peninsula  for  a  distance  of  77  km.  The  number  of  the  casualties 
on  this  side  of  the  Ariak*'?  Sea  amounted  to  0,745  persons  killed 
and  707  persons  wounded,  besides  -190  cattle  and  horses.  The  sea 
waves  produced  also  a  considerable  amount  of  damage  on  the 
eastern  shores  of  the  Ariake  Sea,  namely,  in  the  counties  of  Akita, 
Udo,  and  Tamana,  of  the  province  of  Higo,  where  the  total 
number  of  persons  killed  amounted  to  5, 100.  Along  the  coasts 
of  the  Amakusa  Islands,  343  people  were  drowned.  Earthquake 
shocks  continued  to  happen  for  the  next  two  months. 

The  local  earthquakes  which  accompanied  or  preceded  the 
eruptions  of  the  Unsen-dake  were  not  very  destructive,  but  much 
severer  than  is  usually  the  case  with  volcanic  explosions.  In  these 
latter  cases,  as  with  the  recent  outbursts  of  Japanese  volcanoes, 
namely,  Bandai-san  (1-SS0).  Azuma-san  (1803),  Adataro-san  (1000), 
and  Tori-shima  (1002),  the  phenomenon  is  purely  that  of  a  steam 
explosion,  and  the  volcanic  force  is  mainly  spent  in  blowing  and 
projecting  mountain  masses,  only  a  small  amount  of  tho  energy 
being  transformed  into  earthquake  vibrations  On  the  other 
hand,  in  eruptions  like  those  of  the  Unsen-dake,  which  were 
attended  by  no  gigantic  explosion,  the  subterranean  volcanic 
energy  would  be  in  a  great  measure  spent  in  causing  mechanical 
vibrations,  resulting  in  comparatively  severe  earthquake  shocks. 

The  cause  of  the  great  Shimabara  sea  waves  seems  to  have 
been  the  disturbances  of  the  waters  by  the  enormous  quantity  of 
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rock  and  earth  masses  thrown  into  latter.  Tims  the  volume  of 
the  debris  was  roughly  0.55  cubic  km,  or  equivalent  to  an  area  of 
550  square  km,  with  a  thickness  of  1  metre.  Such  an  area  is 
nearly  equal  to  that  of  the  Ariak<-  Sea,  which  is  an  inland  body  of 
water  included  between  the  two  provinces  of  Hizen  and  Higo,  and 
the  volume  of  the  debris  thrown  suddenly  into  the  sea  seems  to  he 
sufficient  to  produce  an  initial  displacement  of  the  surrounding 
water  masses,  the  disturbances  thereby  created  being  propagated 
to  the  different  part-;  of  the  shores,  where  tidal  waves  were 
formed.  The  great  landslips  from  the  Mae-yama  was  evidently  the 
effect  of  the  local  but  violent  earthquake  shocks. 

Instances  exactly  similar  to  the  Unscn-daku  eruptions  are  not 
rare.  Thus,  the  eruption  in  1808  of  Manna  Loa,  in  the  Island  of 
Hawaii,  began  on  March  27  of  that  year.  On  April  2,  there  took 
place  a  severe  earthquake  shock,  which  did  some  damage  to 
buildings  in  the  vicinity,  causing  at  the  same  time,  a  landslip  of  an 
enormous  quantity  of  soft  clay  from  the  head  of  a  ravine  called 
Kapapala  at  the  south-eastern  flank  of  the  mountain.  This 
produced  a  mud  stream,  half  a  mile  in  width  and  about  30  ft.  in 
depth  at  the  centre,  which  descended  into  the  sea  in  the  interval 
of  only  a  few  minutes,  over  a  distance  of  3  miles.  The  result  was 
the  immediate  formation  of  large  sea  waves,  which  rolled  in  along 
the  shore  of  Kan  district,  attaining  a  height  of  40  to  50  feet. 

The  sea  waves  attending  the  great  eruptions  of  Krakatoa  in 
1883  were  also  probably  caused  in  a  measure  by  the  ejection  of  the 
rock  masses  into  the  surrounding  sea  waters. 
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F.  Omori,  Sc.  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

1.  IntrofluctioH.  The  examination  of  the  horizontal  pen- 
dulum diagrams  of  the  Japan  earthquake  of  Jan.  21,  190(3,  which 
originated  off  the  south-eastern  coast  of  the  Main  Island,  has 
accidentally  revealed  that  some  earthquake  motion  indicates  no 
preliminary  tremor  when  observed  at  places  situated  in  certain 
directions  relative  to  the  seismic  origin  ;  the  earthquake  of  Feb. 
G,  1907,  also  indicating  the  same  fact.  Studies  in  this  connection 
may  throw  much  light  on  the  nature  of  the  vibrations  composing 
the  initial  part  of  the  umcro-scismic  earthquake  motion;  the  present 
note  giving  a  short  account  of  the  observations  of  the  earthquake 
of  Jan.  21,  1900.  I  have  here  to  express  my  thanks  to  Mr.  N. 
Shimono.  Director  of  the  Osaka  Meteorological  Observatory,  for 
his  valuable  suggestions  and  assistance  given  me  in  connection 
with  the  investigation  of  the  earthquake  in  question. 

2.  inoneinutaiH.  (^jg.  i.)  The  earthquake  was  felt  as  a 
slight  or  moderate  shock  over  a  considerable  area,  which  extended 
from  the  south-eastern  portion  of  Hokkaido  on  the  north-east  to 
the  strait  between  the  islands  of  Shikoku  and  Kyushu  on  the 
south-west;  the  boundary  of  this  area,  or  the  isoseisnial  /,  being 
symmetrical  with  respect  to  a  line,  which  is  normal  to  the  Japan 
arc  and  connects  the  cape  Inuboe  (province  of  Shimosa)  with  the 
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southern  end  of  the  Sado  island.  The  isoseismal  line  11  includes 
the  area  within  which  the  shock  was  strongly  felt. 

The  earthquake  was  recorded  by  Omori  Horizontal  Pen- 
dulums at  the  different  stations  in  Japan  and  also  at  the  Meteoro- 
logical Observatory  of  Zikawei,  near  Shanghai. 

3.  ronifion  of  the  Origin.  The  approximate  position  of 
the  earthquake  origin  may  be  inferred  from  the  scismograms 
obtained  at  Tokyo,  Mount  Tsukuba,  Mito,  and  Miyako  (province 
of  Rikuchu),  where  the  preliminary  tremor  was  clearly  observed, 
as  follows. 


Place. 

Duration  of 
1st  Frel.  Tremor- y. 

Kpiceutral  Distance 
(Calculate*!)-* 

Tokyo    ...    ...    ...    ...  ... 

350  hn 

Mt.  Tsukuba  

43 

350 

Mito   

47 

380 

Miyako   

78 

610 

The  epicentral  distances  given  in  the  above  table  have  been 
calculated  by  the  formula* 

*<'•'  =  7.27  7/"-  + 3s*". 

The  4  circles  drawn  about  Tokyo,  Mt.  Tsukuba.  Mito,  and 
Miyako,  as  centres  with  the  corresponding  calculated  values  of  the 
epicentral  distances  for  the  radii,  meet  as  shown  in  Fig.  1  at 
points  which  are  close  to  one  another.  The  approximate  position 
of  the  earthquake  origin  thus  determined  is 

c  =  34'23'N,  ;=143°2(S'E; 


•  Th?  1'ublicatwm,  No.  13. 


Seismotfrauw  showioR  no  Preliminary  Tremor. 
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the  actual  arcual  distances  from  the  epicentre,  the  time*  (=/,)  of 
earthquake  occurrence,  and  the  duration  (=>j)  of  the  preliminary 
tremor,  for  the  different  stations  being  as  follows. f 


Place. 

Kpicentral  Distance 

Time  of  occurrence 
=  'i 

DurutioQ  of 
Pre!.  Tremor 

Tokyo   

3° 

17' 

=  365  km 

h 

10 

If 

50 

31*  P.M. 

43  sec- 

Mt.  Tsuknba  ... 

3 

is 

=  3(37 

10 

51 

15 

43 

Mito   

3 

09 

=  350 

10 

50 

33 

47 

Mizusawa   

5 

00 

=  507 

10 

51 

45 

07 

Miyako 

5 

•23 

=  598 

10 

52 

44  (?) 

78 

Isliinomaki  

4 

•23 

=  4S7 

Osftlvft  » . .      >  ■  ■      • . . 

0 

32 

=  720 

10 

50 

2S 

0 

Kyoto  

G 

•21 

=  705 

0 

Kobe  ...   

(j 

49 

=  758 

10 

50 

30 

0 

Tailotsu   

H 

00 

=  8*9 

10 

50 

23 

Shanghai   

18 

57 

=  2100 

10 

52 

15 

141 

Taihoku   

21 

10 

=  2352 

10 

53 

20 

180 

Taiehu  

11 

15 

=  2472 

10 

52 

1'2  (?) 

177 

Hokoto   

23 

27 

=  2600 

10 

51 

15  (?) 

202 

Manila  

2<S 

•20 

=  3148 

10 

54 

23 

281  (?) 

-1.  Character  of  the  Sei»ntooram».  The  seismograms  at 
the  different  stations  are  shown  in  Figs.  2 — 15.  as  follows. 


•  The  times  are  in  the  1st  Normal  Japan  Time,  or  that  of  longitude  IZj''  E. 

t  All  the  observation  made  with  Oinori  Hor.  Pendulum,  except  that  at  Manila  which  was 
made  with  Vic-ntini  Sf ihmo^raph. 
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No.  of 
Fig. 

out  iion. 

Component. 

Multiplication. 

Pendulum 
F«riod. 

Q 

usaha   

-I  t 

q 
O 

„   (slow  time  rate)... 

>• 

10 

'J  A 

.30 

4 

Kyoto  

»» 

20 

OA 

30 

K 

1\  \J             ■  •  >         ...        •  .  .         •  *  • 

XT  O 

20 

25 

I) 

Ishinomaki  

h\\ 

1 1 

n 
I 

lukvo  (Hitotsubashi) 

>> 

10 

A  4 

21 

8 

„  (HongO)  

it 

J  20 

20.5 

9 

II  M   

xs 

20 

48.5 

10 

»»  »•   

EW 

15 

01.5 

11 

»>  )>   

Vertical 

30 

2.0 

12 

I»  •»   

M 

12 

4.5 

13 

Taihoku  (Formosa)  ... 

10 

23 

14 

Mi  to   

»• 

20 

28.8 

15 

Miyako   

»> 

120 

18 

From  Fig*.  2—15,  it,  will  be  observed  that  the  seismograms 
obtained  at  Tokyo,  Mito,  Miyako,  Ishinomaki,  and  Taihoku,* 
indicates  the  preliminary  tremor  in  the  usual  way,  while  those 
obtained  at  Osaka  (EW)  and  Kyoto  (EW)  has  no  preliminary 
tremor  at  all.  In  the  Kobe  seismogram  (NS),  the  motion  was 
quite  large  at  the  very  commencement  as  was  the  case  with  the 
two  last-mentioned  places;  there  being,  however,  an  ill-defined 
indication  of  the  preliminary  tremor. 

I  give  next  a  short  description  of  the  seismograms  obtained 
at  the  three  stations  of  Osaka,  Kobe,  and  Taihoku:  a,  2«,  and 


•  The  seismograms  obtained  at  MK  Taukuha.  llizuiuwn,  Shanghai,  Taichu,  Hokoto,  etc.  also 
indicated  the  preliminary  tremor. 
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T  denoting  as  usual  the  amplitude,  double-amplitude,  and  the 
complete  period  of  vibration,  respectively. 

Osaka.  (Fig.  2.)  EW  component  (Multiplication  =  20). 
Natural  oscillation  period  of  the  horizontal  pendulum=27  sec. 
The  earthquake  began  quite  suddenly  with  a  large  quick  displace- 
ment of  2.1)  nun,  towards  W,  followed  by  a  counter  motion  of 
4.9  mm,  towards  E.  this  latter  being  the  absolute  maximum.  The 
vibrations  were  active  for  2"  20',  being  composed  of  the  following 
3  sets: — 

T=  3.7  sec.  (larger  vibrations), 
T=  5.7  „  (smaller  „  ). 
T=27.0  „     2a=6.5  aim  (penJ.  oscillations). 

The  motion  was  distinct  for  further  •">""  IV: — 7'=  4.1)  sec. 

The  diagram  furnished  by  a  horizontal  pendulum  apparatus, 
whose  recording  drum  rotated  once  in  21  hours,  (Fig.  3),  also 
indicated  no  preliminary  tremor. 

Kobe.  (Fig.  1.)  NS  component  (Multiplication=20).  Natural 
oscillation  period  of  the  horizontal  pendulum=2o  sec.  The  earth- 
quake began  suddenly  with  a  large  vibration,  of  T=3G  sec  .  whose 
two  displacements  were  as  follows:  — 

1st    a  =  1.3  mm,  towards  X, 

•2nd  2a  =  1.7    „  ,     „  S; 

the  latter  being  the  maximum  of  this  sort  of  motion. 

The  motion  was  most  active  for  the  first  1.7  and  consisted 
of  the  following  :>  sets  of  vibrations:  — 

T=  3.1  sec. 

T=  11.1  sec,  2a =2.1  mm  (this  umx.  occunvd  38  sec.  after  the 

co.umencement). 
2'= 24.5  sec,  'la  =  3.3  mm  (pend.  oscil.) 


Digitized  by  Google 


150 


F.  Omori : 


Thereafter  the  motion  gradually  diminished,  the  movements 
being  as  follows:  — 

(T=  11.3  sec,  2a=0.58mui 
(r=  4.0   „  C>),    2a = small. 
Towards  the  end:— T=  11.1  sec. 

Taihoku.  (Fig.  13.)  EW  Component  (Multiplication^). 
Natural  oscillation  period  of  the  horizontal  pendulum =23  sec. 

The  preliminary  tremor  lasted  3"  0',  the  movements  at  the 
very  commencement  being  as  follows:  — 

1st    a =0.1 1  mm,  towards  W  ; 

2nd  2a=0.H)   „  ,       „  E. 

The  average  periods  wore:  — T=4.0  sec,  i'=2.1  sec. 
The  principal  portion  lasted  Gm  55',  the  movements  at  the 
commencement  being  as  follows:  — 

Hst    a=0.G5  mm,  towards  W  ; 

<2nd  2a=2.55    „  ,       „  E; 

(3rd  2a  =  2.40    „  ,       „  W. 

The  subsequent  motion  was  much  smaller. 

5.    Vibration  at  the  VotnmenceinetU  of  the  FJarthqitake. 

(i)  Observations  at  Osaka,  Kobe,  Kyoto  ami  Tadolsu.  The  1st 
vibration  of  the  earthquake  motion  recorded  at  the  4  stations  of 
Osaka,  Kobe,  Kyoto,  and  Tadotsu,  which  are  situated  westwards 
from  the  origin,  and  where  the  preliminary  tremor  was  entirely 
absent  or  unduly  large,  was  as  follows  :  — 


Station. 

1st  Displacement. 

'2nd  Displacement. 

Kemarks. 

Osaka  (EW). 
Kobe  (N'S). 
Kyoto  (EW) 
Tadotsu  (EW). 

mm 

2.83,  towards  W. 
1.23  „  N. 
175  W. 
05)0       „  W. 

4.»8,  towards  E. 
1.73  „  S. 
2.68  „  E. 
2.00       „  E. 

Quie  k  Tib.  This  was  the  ab«. 
max. 

Quick  vibration. 

Slow  rib.  uii if<l  with  quick 

inoTOnK'nt*. 
Slow  Tibration. 

Seisiiiograujs  showing  no  Preliminary  Tremor. 
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Combining  the  observations  at  Osaka  and  Kobe,  which  are 
near  to  each  other,  we  find  the  following  resultant  motion:  — 


As  the  earthquake  origin  lies  to  the  S  80°  K  of  Osaka  the 
initial  vibration  may  be  regarded  as  due  to  the  longitudinal  wave, 
and  took  place  in  a  direction  parallel  to  the  line  joining  the  places 
of  observation  with  the  centre  of  disturbance  ;  the  1st  displace- 
ment being  directed  away  from  the  latter.  The  initial  displace- 
ment in  tho  E  W  component  at  Kyoto  and  Tadotsu  was  also 
directed  towards  W.  It  may  be  here  noted  that  some  microseismo- 
graphs  with  a  large  multiplication  ratio  and  a  short  natural  oscilla- 
tion period,  say,  of  2  or  3  seconds,  are,  on  the  occasion  of  a  sharp 
local  shock  or  large  earthquake,  usually  thrown  at  once  into  big 
proper  oscillations,  thereby  indicating  apparently  or  diagrammatic- 
ally  the  maxmium  movement  at  the  commencement.  With  the 
observations  at  Osaka  and  Kobe,  however,  the  movements 
recorded  were  really  those  of  the  ground,  their  periods  being  the 
same  at  the  two  places,  namely,  3.7  and  3.0  sec,  and  quite 
different  from  the  natural  oscillation  periods  of  the  horizontal 
pendulums,  which  were  '11  and  2">  sec.  respectively. 

(ii)  Observation  at  Tokyo.  The  observation  at  Tokyo,  where 
the  preliminary  tremor,  was  clearly  indicated  is  also  very  interest- 
ing, as  it  gives  the  directions  of  vibrations  at  the  very  commence- 
ment of  the  motion,  and  of  the  principal  portion.  Taking  suitably 
the  mean  value  of  the  EW  component  motion,  we  find:  — 


the  simultaneous  NS  and  vertical  components  being  as  follows:  — 


.  a=3.08  rum,  towards  N  07°  W. 
2«  =  5.U    ,.  ,       „      S  71°  E. 


1st  displacement  at  the  commencement  of  the  preliminary 
tremor  a=0.G0  mm,  towards  W  ; 
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fa=1.05  uiin,  towards  S, 
(a=0.54    „  ,  downwards. 

These  give  for  the  resultant  horizontal  motion  the  fol- 
lowing:— 

initial  (prel.  tremor)  displacement  a=  1.2  mm,  towards  S  30°  W. 

The  counter  horizontal  motion  was:  — 
•2a  =  3.2  mm,  towards  N  22°  E. 

Taking  the  mean  from  the  1st  and  the  counter  displacements, 
we  find:  — 

direction  of  the  initial  vibration  S  2i;°  YV — X  26°  E. 

As  now  the  origin  of  the  earthquake  was  to  tho  S  G5°  E  of 
Tokyo,  it  will  he  observed  that  the  direction  of  motion  of  the 
vibration  at  the  commencement  of  the  preliminary  tremor  wras 
exactly  at  right  angles  to  tho  line  joining  Tokyo  with  the  origin; 
that  is  to  say,  the  preliminary  tremor  in  tin's  particular  instance 
belonged  to  the  transverse  wave. 

Turning  now  our  attention  to  the  principal  portion,  we  obtain 
the  following  mean  result  for  the  1st  displacement  of  the  large 
vibration  at  the  commencement:  — 

1st  displacement  a  —  9.9  mm,  towards  X58°YV. 

The  counter  EW  component  motion  was  13  mm  towards  E, 
the  two  displacements  of  the  vertical  motion  being  respectively 
rt=2.3  mm  downwards,  and  2a =3. 8  mm  upwards.  The  NS  com- 
ponent pointer,  however,  unfortunately  went  out  of  the  smoked 
paper  and  did  not  record  the  2nd  displacement  and  the  subse- 
quent movements.  It  will  be  observed  that  the  1st  displacement 
of  the  principal  portion  was  nearly  parallel  to  the  line  joining  the 
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earthquake  origin  with  Tokyo,  thus  belonging  to  the  longitudinal 
wave. 

(iii)  FAY  Component  Observations  at  Mito,  Ishinotnaki  and  Migako. 
The  seismogram  at  Mito,  which  is  situated  about  100  km  to  the 
NW  of  Tokyo,  was  similar  in  character  to  those  obtained  at  the 
latter  place.    Thus  we  have:  — 

/lst  displacement  at  the  commencement  of  the  preliminary 

1       tremor =0.41  mm,  towards  "\V  ; 
Mito      list  displacement  (ft)  at  the  commencement  of  the  principal 
(E\V)     |       port  ion  =  5.4  mm,  towards  W. 

12nd  displacement  (2a),  or  the  counter  motion  of  the  preced- 

\       ing  =  11. 8  mm,  towards  E. 

The  directions  of  the  movements  at  the  commencement  of  the 
E\V  component  principal  portion  obtained  at  Ishinomaki  and 
Miyako,  both  situated  in  the  north-eastern  part  of  the  Main 
Island,  were  the  same  ns  at  Tokyo,  being  directed  towards  AV  and 
towards  E  respectively. 

6.  Trannveree  and  Longitudinal  Vibration*.  By  com- 
paring the  observation  at  Tokyo  with  those  at  Osaka  and  Kobe, 
we  arrive  at  the  conclusion  that  the  first  vibrations  in  the  pre- 
liminary tremor  registered  in  the  former  place  were  due  to  the 
transverse  nave,  while  the  large  principal  vibrations  at  the  very 
commencement  of  the  earthquake  motion  registered  at  the  two 
latter  places  (as  well  as  Kyoto  and  Tadotsu)  were  due  to  the 
longitudinal  wave.  To  explain  these  peculiar  relations,  we  may 
suppose  that  the  preliminary  tremor  consisted,  from  some  cause, 
mainly  of  the  transverse  vibrations  in  a  nearly  N— S  direction. 
Such  movements  would  give  the  preliminary  tremor  at  Tokyo  in 
nearly  the  N — S  direction,  but  would  be  overtaken,  along  the 
path  towards  Osaka  and  Kobe,  by  the  longitudinal  wave,  whose 
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propagation  velocity  is  greater  than  that  of  the  transverse  wave; 
the  result  being  that  at  the  last  mentioned  places  we  got  first  the 
large  vibrations  constituting  the  principal  portion,  due  to  the 
longitudinal  wave. 


PL.  XXXII. 


Fig.  1.    Map  of  Japan,  showing  the  Isoseismal  Lines  and  the 

Position  of  the  Origin  of  tho  Earthquake  of  Jan.  21.  190G. 

(I)   Boundary  of  the  area  of  alight  motion. 
(II)         n        „   „     „   of  rtrong  motion. 
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Earthquake  of  Jan.  21,  1906. 
a  Commencement. 
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Fig.  6.   Ishinomaki  Observation. 
EW  Component. 
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Fi^'.  7.  Tokyo  (Hitotsabashi)  Observation. 
EW  Component.    M  amplication  =io. 
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Earthquake  of  Jan.  21,  1006. 
Observation  in  Tokyo  (Hongo). 
Time  :  I  interral-1  vain. 
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Fig.  10.   EW  Comp. 
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Fig.  8.    EW  Component. 
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Fig.  9.    NS  Component. 
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Vibrations  of  a  Railway  Bridge  Pier. 

By 

F.  Omori,  Sc.D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

A  preliminary  series  of  the  measurement  of  the  vibrations  of 
railway  bridge  piei*s  was  carried  on  in  1901,  the  first  report  on  this 
subject  having  been  given  in  the  J*ub!ie.alions  of  the  Earthquake 
Investigation  Committee,  No.  12.  I  have  continued  these  measure- 
ments with  my  horizontal  tremor  recorder,  in  which  the  two 
horizontal  component  pointers  had  each  a  magnification  of  10  to 
50  times,  the  registration  being  made  in  ink  on  white  paper  driven 
by  rollers.  The  diagrams  obtained  were,  as  shown  in  PI.  XXXIX, 
very  good. 

Tone-yawn  ltri&je,  near  Torid-:  Station,  Xippon  Hallway.  This 
single-track  (>"  gauge)  bridge  consists  of  eight  200'  Double 
Warren  trusses  and  twenty-two  CO'  plate  girders.  On  Aug.  27, 
1904,  I  have  made  a  series  of  measurements  of  the  vibrations  of 
the  pier  between  the  7th  and  9th  200'  trusses,*  (counted  from  the 
Tokyo  end  of  the  bridge).  The  pier  experimented  on  was  built 
of  brick  and  had  a  total  height  of  91'. 2,  of  which  29'. 35  was  above 
the  river  bed  and  had  a  thickness  of  10',  while  the  remaining 
G4'.8C  formed  the  well  and  had  a  thickness  of  12  ;  the  depth  of 
water  being  about  10'.  f    The  tremor  recorder  was  set  up  on  the 


•  This  is  ono  of  the  piers  experimented  on  in  1901. 

t  The  elevation  an!  plan  of  ttw  pier  U  niraa  in  t'i»  Pttb'iMim:,  No.  12. 
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top  of  the  pier;  PI.  XXXVIII  being  a  picture  of  the  instrument. 
PI.  XXXIX  is  one  of  the  diagrams  obtained,  ami  magnifies  30 
times  both  the  longitudinal  and  transverse  vibrations;  these  two 
latter  being  respectively  the  movements  of  the  pier  perpendicular 
ami  parallel  to  its  face  or  plane-  The  motion  was  caused,  in  the 
case  under  consideration,  by  an  up  train  consisting  of  a  locomotive 
and  44  goods  wagons  at  a  slow  speed.  As  will  be  seen  from  PI. 
XXXIX,  the  greatest  transverse  vibrations  occurred  not  at  the 
moment  of  the  transit  of  the  locomotive,  but  when  the  end  car  of 
the  train  was  just  passing  over  the  pier;  there  being  a  series  of 
maximum  movements,  which  corresponded  to  the  successive 
piers,  on  account  of  the  transmission  of  tho  transverse  motion  of 
the  differrent  piers  through  the  means  of  the  girders.  Again,  the 
longitudinal  vibration  was  by  no  means  small,  as  ought  to  be. 
In  fact,  as  shown  in  my  previous  paper,  a  pier  which  rises  from 
soft  and  muddy  river  bed  does  not  vibrate  with  its  base,  that  is  to 
say,  junction  with  the  well  as  the  centre  or  fixed  point;  the  real 
position  of  the  latter  being  a  considerable  distance  below  tho 
ground  surface.  In  our  case,  the  centre  of  vibration  is  40'  or  50' 
deep;  the  pier  (and  the  well)  with  the  girders  thus  forming 
virtually  a  tall  brick  column,  (50'  or  70'  in  height,  with  heavy  top 
load.  Hence  it  is  natural  that  the  pier  should  vibrate  parallel  to 
its  face  as  well  as  at  right  angles  to  the  latter.  The  elements  of 
motion  were  as  follows:  — 


Iran  averse  Vibra  t  ion . 


Complete  Period =0.39  sec,  max.  ruction  =  0.03  rum: 


L ungitudina!  Vibration. 
Complete  Period =0.2*2  sec,  mnx.  motion  =  0.33  mm, 


» 
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PL.  XXXVIII. 


Horizontal  Vibration  Recorder. 


■ 


PL.  XXXIX. 


A/WWVWWVWw 

—  //  


i  same  {xiasea  over  the  next  Pier  (on  the  Torirle  SiJo). 
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there  being  also  some  traces  of  slow  movements  of  period  of  0.7 
sec,  due  probably  to  the  effect  of  the  lateral  vibration  of  the  200' 
girders.  Towards  the  end,  the  movements  became  small  and 
regular,  there  being  the  following  two  sets  of  motion:  — 

{Complete  Period=0.37  sec. 
1  .,         =0.24  „. 

Thus  in  this  case  the  amplitude  of  the  longitudinal  vibration 
was  half  of  that  of  the  transverse  vibration.  But  as  the  periods 
of  the  principal  movements  in  these  two  components  were  0.30 
and  0.22  sec.  respectively,  it  comes  out  that  the  acceleration  of 
the  longitudinal  vibration  was  nearly  double  that  of  the  transverse. 
If  we  further  take  into  consideration  the  fact  that  the  breadth  of 
the  pier  was  not  less  than  twice  the  thickness,  the  great  importance 
of  the  longitudinal  vibration  in  its  relation  to  the  strength  of  the 
pier  will  be  readily  recognised. 

A  full  report  on  the  measurement  of  the  vibrations  of  the 
different  brick  and  iron  piers  will  be  given  in  a  future  number 

of  the  Publications. 
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On  a  Method  of  Suppressing  Air  Tremors  Occurring 
in  Milne  H.  P.  Seismograms. 

By 

A.  Imamura,  Sc.  D., 

Extraordinary  Member  of  the  Imperial  Earthquake  Investigation  Committee, 

The  principal  disturbing  cause  in  Milne  H.  P.  Seismograms 
is  probably  the  appearance-  of  the  so-called  air  tremors,  especially  in 
cold  weather  during  night  and  early  morning,  which  obscure  the 
earthquake  motion  occurring  at  these  times.  This  disturbance  is 
known  as  an  effect  of  convection  current  of  the  air  within  the 
instrument  case,  which  cools  in  its  upper  part  in  consequence  of 
quick  radiation,  while  the  air  near  the  record-receiver  and  forming 
the  middle  layer  in  the  case  becomes  comparatively  warm  under 
the  influence  of  the  lighted  lamp. 

Our  instrument  room  is  bounded  with  a  metallic  covering 
within  a  small  building  (1.5x1.8x2.0  in.)  with  wooden  walls 
and  a  metallic  roof.*  This  construction  was  evidently  favorable  for 
the  occurrence  of  the  disturbance  in  question,  for  the  air  tremors 
which  occurred  very  much  during  the  colder  months  could  not 
be  completely  suppressed  even  under  the  contrivance  due  to  Mr. 
Moos.t  After  carrying  on  the  observation  in  this  way  for  several 
winters,  I  have  arrived  finally  at  a  means  which  seems  to  be 
fairly  satisfactory. 

*  Sou  Ihe  I'ubliaUiou*  of  the  Imp.  hUtrthq.  /nr.  Comm..  Xo.  Ill,  p.  I. 

+  See  Trof.  Milne:  Fourth  Import  of  the  British  An*ociili.>n  Seisuiolo.'ical  Coiuuiittee. 
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Figs.  1-2  show  the  front  and  lateral  views  of  the  new  arrange- 
ment. The  shaded  part  is  the  brick  pier  upon  winch  the  instru- 
ment case  represented  with  dotted  lines  is  mounted.  Over  this 
inner  case,  another  wooden  covering  shown  in  the  figures  with 
full  lines  was  newly  added.    The  new  case  is  divided  into  two 


Fig.  i. 


Fig.  2. 


parts;  the  upper  one,  which  fit-;  closely  to  the  lower  along  the 
lines  AH  and  BC,  can  be  lifted  up  by  means  of  two  suspenders 
I>d  and  Ke.  The  lamp  is  also  covered  with  a  small  metallic  case 
from  which  a  chimney  projects  out.  A  fresh  supply  of  air  is  to 
be  drawn  through  the  pipe  pp  from  outside,  while  the  colder  air 
within  the  outer  covering  can  escape  from  the  lower  side  of  the 
latter.  Further,  the  covering  is  provided  at  the  front  side  with  a 
door  and  a  window  as  the  gates  for  the  record-receiver  and  the 
lamp  respectively. 

The  object  of  the  present  arrangement  is  to  warm  the  upper 
layer  of  air  within  the  two  coverings  and  consequently  to  prevent 
the  raising  of  convection  current  within  the  inner  covering.  Since 
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the  instrument  was  covered  with  the  outer  case  at  the  beginning  of 
the  last  month  it  has  not.  almost  been  affected  by  the  air  tremors, 
notwithstanding  the  season  was  hitherto  an  unfavorable  one. 
During  this  experiment  the  free  vibration  period  of  the  boom  was 
kept  at  15  sec,  but  perhaps  it  can  advantageously  be  increased  to 
20  sec.  or  more  without  being  much  affected  by  any  residual  air 
tremors. 

Tokyo. 

April  1007. 
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Note  on  the  Kashgar  (Turkestan)  Earthquake  of 

Aug.  22,  1902. 

uy 

F.  Omori,  Sc.  D., 

Member  of  tlio  Imporial  Earthquake  Investigation  Committee. 

1.  Fonition  of  the  Earthquake  Origin.  According  to  Jl  map 
showing  tlic  isoseismal  lines  of  the  earthquake  in  question,  given 
by  Mr.  A.  Voznessensky  in  No.  I  of  the  "  bulletin  Sismique  de 
l'Ob.servatoirc  Magn<'tique  et  M<'t<-orologique  d'Irkoutsk,"  the 
earthquake  origin  seems  to  be  situated  at  about  latitude  .7J  42'  N, 
and  loiujitude  7G°K.  This  position  has  been  assumed  to  be  the 
source  of  disturbance  in  the  calculation  of  the  epiccntral  distances 
of  different  stations. 

The  times  are,  unless  otherwise  stated,  always  given  in 
G.M.T. 

2.  AtHtroacinutte  Time  (  =  /,)  of  Earthquake  Occurrence  at 
the  Origin. 

(  i  )  The  epiccntral  distance  of  Taschkent,  which  was  nearest 
the  centre  of  disturbance  is  only  .">21\  the  time  of 
occurrence  of  the  earthquake  there  being  o'V2m]  2'.  If 
we  assume  the  mean  transit  velocity  between  the  origin 
and  Taschkent  to  be  G  km  per  sec.,*  the  time  required 
by  the  vibrations  of  the  1st  preliminary  tremor  in  pass- 
ing through  that  distance  would  be  'Jl  sec,  giving  the 
following  value  for  the  time  of  occurrence  at  the  origin: 

/0=3"00"4P 

•  The  "  PuMieatioiu  "  No.  IB. 
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(ii)    Taking  the  observation  made  in  Tokyo,  and  using  the 
formula 

^=^-1.105 
we  find: — 

<,=Time  of  occurrence  in  Tokyo = 3*09-33' 

y,= Duration  of  1st  Prel.  Tremor ='j°,44* 

f0=3*O0"*43' 

Taking  the  mean  of  the  two  above  values  of  /„,  we  obtain:  • 
Time  of  earthquake  occurrence  at  the  origin, 

t0= 3hoomi2'  (G.M.T.) 
3.   Titne  (f,)  of  Eq.  Occurrence  at  the  different  Station*.  The 

following  table  gives  the  latitude,  longitude,  and  fpicentral 
distance  of,  and  the  time  of  the  earthquake  occurrence  at,  each  of 
the  30  different  seismologieal  stations,  where  the  shaking  was 
instrutnentally  observed. 

Table  1.    Turkestan  Earthquake:  Epieentral  Distance 
and  Time  of  Occurrence. 


Place. 


Position. 
Latitude.  1/oogituie. 


Origin   N  E 

(i)Taschkent          ...  ,  41"  19' 31"  N     09°  17' 42''  E 


Cokba  (Bombay)  ...  18  53  45  X  72  48  5(i  E 

Irkutsk    J  52  10  —  X  1 104  18  33  ]•; 

Tiflis    j  41  13  08  X  44  47  51  E 

(ii)  Mean  ...   


(iii)  Kodaikanal 
Nikola  jev   


10  13  50  X  77  27  46  E 
40  58  IS    \     31  58  27  E 


Epiccntm) 
Distance 

Time  of  E<ike 
Occurrence 
(U.M.T.)-i,. 

3* 

00™ 

42' 

5°  21' 

3* 

02- 

12* 

20  59 

05 

24 

23  07 

05 

24 

23  30. 

05 

14 

22  .14 

3 

05 

21 

29  30 

3 

04 

48 

32  24 

07 

00 

•  The  '  Bu)Wt:u.'  No.  1 
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Table  I.  Co«/. 


Pliux\ 

i 

Po«Uon. 

EpiecntraJ  ' 
LhBtance 



rime  of  Eqko 
Occurrence 
(O.M.T.)-f,. 

Latitude. 

Longitude. 

i 

fnfi    |1/  ft 

oU  41  — 

N 

30°  29'  15" 

E 

34  35 

3*  07" 

48 

A  A     A  A 

.13  30 

3 

07 

24 

1 

Budapest  

47  22  29 

X  1 

19  03 

55 

E  ! 

41  02 

3 

09 

20 

46  03  — 

X 

11  31 

E  i 

44  22 

00 

50 

t   ■  • 

K  1     »)A    *  lit 

X 

12  23 

30 

E 

44  o4 

08 

01 

rp  * 

Ar.    'iy  (.*. 

N 

13  45 

45 

E 

44  o  J  l 

08 

17 

Hamburg   

53  33  oo 

X 

10  01 

19 

E 

4a  35 

OS 

55 

T  1 

40  4U  — • 

X 

13  59 

E 

i %).} 
40  22 

10 

05 

^  T  *1 

14  .>4  41 

N 

120  58 

33 

E 

4(j  34 

09 

04 

37  29  — 

X 

15  04 

E 

10  44 

08 

59 

34  42  — 

X 

135  31 

E 

40  48 

09 

04 

T~>                    I  • 

41  40  — 

X 

12  42 

E 

i  O  El 

08 

30 

/"I        ,  11 

43  49  11 

X 

11  13 

11 

E 

47  15 

08 

53 

/-» A  t 

4o  o.j  — 

X 

7  46 

10 

E 

48  06 

10 

00 

T> 

4o  1 1 

X 

9  09 

E 

48  13 

08 

52 

35  42  29 

X 

139  45 

53 

E 

49  32 

09 

33 

50  47  53 

X 

4  21  44 

V 

49  35 

09 

00 

46  26 

3 

OH 

54 

55  57  23 

X 

3  10  40 

l 

w 

52  24 

!  3 

09 

30 

Shide    ... 

50  42 

X 

1  19 

\Y 

53  02 

10 

12 

I^ttislt^y  ............ 

55  51 

X 

4  25 

W 

53  05 

10 

10 

Liverpool   

53  24  04 

X 

3  01 

18 

W 

53  09 

i 

(i  OH 

s 

io<;  so 

E 

53  50 

09 

54 

53  07 

:» 

09 

54 

(vii)  San  Fernando  .. 

1 

3G  27  40  X 

0  12  19 

W 

02  23 

3 

09 

00 
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Table  I.  Cont. 


Place. 


Position. 


I 


Latitude. 


Perth  (W.A.) 

Cape  Town  

Victoiia,  It.C. 
Toronto*  


...... 


31°  52'  — " 
33  50  03 
48  27  — 
4.1  39  36 


Baltimore*   30  17  48 


(viii)  Mean  ... 

(•Excluded) 

Christchurch 
Wellington*  . 

(ix)  Mean  

(•Excepted) 


s 

X 
X 


........ 


(x)  Cordova . 


43  31  50  S 
41  17  -  S 


31  2(5  —  S 


|  KpioentraJ  Tiuio  of  Eqke 

-    —  — i  Instance  Occurrence 

Longitude.  =j.        (U.3J.T.)  =  f|. 


115°  50'-"  E 

18  28  41  E 

123  22  -  \V 

79  23  21  \y 

70  37  12  W 


172  37  18  E 
174  47  —  E 


04  12  —  W 


80°  32' 
90  47 
90  12 
93  43 
97  OS 
87  10 


3"  13"  30' 
14  4S 
10  00 
25  is 
24 

3  14 


30 

4S 


120  17  3  20  30 

120  39  29  00 

120  17  3  20  36 

140  52  3  19  30 


l'n^oijutiim  Vdocity  r„  calculated  liy  "Difference  Method."  The 
mean  group  value-  of  the  epicentral  di>taneo  (j)  and  the  cor- 
responding time  (/>)  of  earthquake  occurrence  are.  according;  to  the 
ahove  table,  as  follows.— 


(  i  ) 

x—  5° 

Ol'  ■ 

"  i  . 

/1=3L02  i2« 

(1  * 

tation) 

(ii) 

22 

34 

3  05  21 

(■'{  stations) 

(iii) 

29 

30 

3  04  48  (?) 

(1 

n  ) 

(iv) 

33 

30 

3  07  24 

(2 

»  ) 

(  v  ) 

40 

20 

:i  «s  ;i4 

(15 

„  ) 

(vi) 

53 

07 

3  0;>  54 

(5 

n  ) 

( vii) 

02 

23 

3  09  00  (?) 

(1 

»  ) 

(viii) 

87 

10 

3  11  48 

(•"> 

„  ) 

(ix) 

120 

17 

3  20  30 

(I 

) 

;  x  ) 

140 

52 

3  19  30 

M 
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The  values  of  tlie  velocity  r,  calculated  by  combining  the 
group  (v)  with  the  others  are  given  in  the  following  table:  — 

Velocity  r,  Calculated  by  "  Difference  Method." 


"'.•in  hi  rut  t  ion  of 
Gr»up«. 

«/. 

(  v)-(iv) 

..  -(H) 

„   -<  i  ) 
(«Hv  ; 
(viii>-  „ 

12*55' 
•23  52 
41  05 
0  41 
40  44 

1-30" 

I.  42 
1  00 
5  54 

15.  y 

12.4 
11.4 
12.4 
12.S 

l(  x  )  " 

87  01) 

11  01) 

14.1 

The  average  of  the  velocitv,  deduced  from  the  0  different 
values  contained  in  the  above  table  is 

i-1=l3.2  kiu/see. 
This  is  to  be  regarded  only  as  a  rough  approximation. 

I.  Duration  of  the  Mnt  Preliminary  Tremor.  Table  II  gives 
for  a  number  of  stations  the  epicentral  distance  and  the  duration 
(//:)  of  the  1st  preliminary  tremor. 


Table  II.    Turkestan  Earthquake:   Duration  of  the 
1st  Preliminary  Tremor. 


Place. 

Kpu'critnil  Distance 

=  x. 

Duration  of  1st  Prel. 
Tremor  =  y\. 

•20°  51)' 

3"54* 

21)  30 

5  06 

34  35 

f!  00 

2S  21 

:>  02 

11  31 

7  35 

40  4s 

7  12 
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Table  II.  Com. 


Place. 

Epktutral  Distance 
-r. 

Duration  of  l»t  Prel. 
Tremor 

47'  15' 

7"39' 

49  32 

G  44 

47  02 

7  IS 

52  24 

8  00 

.yd  OU 

53  10 

S  00 

02  23 

10  12 

00  47 

9  30 

97  08 

8  48 

120  17 

20  3G 

M'j  52 

21  42 

133  35 

21  09 

Taking  provisionally  only  the  1  moan  group  values  of  the  r 
and  the  corresponding  >/:  contained  in  Table  II,  and  calculating  by 
the  method  of  Least  Squares  the  constants  of  a  linear  equation 
assumed  between  these  two  quantities,  we  obtain  the  following 
result : — 

x*~=:11.8yr~  GO**' 

(for  x  between  28*  and  134*> 

The  above  equation,  which  is  to  be  regarded  as  being  only 
roughly  approximate,  relates  to  the  observation  of  the  Turkestan 
earthquake  at  different  places.  (Compare  with  a  similar  equation 
for  the  San  Francisco  earthquake  of  April  18.  1000,  given  in  the 
lhdletw,  No.  1.) 
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Tilting  of  the  Ground  during  a  Storm. 

By 

F.  Omori,  Sc.  D., 

Member  of  the  Imperial  Earthquake  Invent igutiou  Committer. 

1.  In  the  "  Publications  of  tlie  Earthquake  Investigation 
Committee".  No.  _'L  I  have  described  an  KW  horizontal  pen- 
dulum or  tiltometer  "  diagram  obtained  in  Tokyo  during  a 
storm,  on  Oct.  10th  and  11th,  1!>04,  which  shows  the  tilting  of 
the  ground  to  an  amount  of  ,'U-".  Fig.  1,  PI.  XL,  illustrates  a 
similar  case  of  the  tilting  of  the  ground  observed  on  Jan.  10  and 
11,  1()0C>,  in  Tokyo,  with  the  EW  component  horizontal  pen- 
dulum, whose  recording  cylinder  makes  one  revolution  in  24 
hours.  The  instrument,  which  is  set  up  in  the  brick  "  Earthquake- 
proof  House  "  in  the  University  Compound  (Ilongo),  is  of  the 
following  specifications:  — 

Length  of  the  strut,  or  the  horizontal  distance  between  the 
pendulum  axis  and  the  centre  of  the  heavy  bob^L^T"/". 

Period  of  the  pendulum  when  suspended  vertically=T(,=1.74 
sec. 

Period  of  the  horiz.  pendulum  as  actually  set  np=T=33  sec. 
Multiplication  ratio  of  the  pointei  —  n=20. 
1mm  displacement  of  the  writing  index  = 

r  =  L  .<nxsin  1"  x  ^  =  0."0:<85 

3.     The  Weather  at  Tokyo  on  Jan.  lO  and  11,  1006.*  The 

following  table  gives  the  hourly  values  at  Tokyo  on  Jan.  10th  and 

•  The  times  arc  giwa  in  Ut  Normal  Japnu  Time,  or  that  <  t  longitude  135°  E. 
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pulsatory  oscillations  became  very  active,  and  reached  a  maximum 
range  of  0.2  mm.  Then  there  began  the  tilting  of  the  ground 
towards  AY,  and  the  maximum  displacement  of  the  pointer 
(marked  c  in  the  figure)  in  that  direction  occurring  at  8*  31"  a.m. 
on  the  11th.  The  total  or  double  amplitude  of  the  tilting  oscilla- 
tion amounted  to  74.0  mm  or  2."87. 

After  8'' 31"  the  tilting  began  to  turn  towards  E  again,  the 
pulsatory  oscillations  becoming  at  the  same  time  still  more  active. 

The  pointer  reached  its  normal  position  at  about  3''  15m  p.m., 
on  the  1 1th ;  the  pulsatory  oscillations  continuing  active  (maxi- 
mum range=0.2.">  mm)  till  that  time- 

Fig.  2  and  Fig.  3  give  the  records  furnished  by  a  horizontal 
pendulum  tromometer  of  multiplication=120,  also  set  up  in  the 
"  Earthquake-proof  House  " ,  for  a  few  minutes  interval,  respec- 
tively at  about  2  and  4  a.m.,  on  the  1 1th.  The  elements  of  motion 
were  as  follows:  — 

VI  a.m.'(llth)  max.  range  =0.17  mm,  period=(>.2  sec. 

(4    ,.  ,,        =0.15  ,,  ,     ,.       G.4  ..  . 

4.  From  2  and  3,  it  will  be  seen  that  the  extreme  elonga- 
tion towards  E  (/'  in  Fig.  1)  coincided  with  the  epoch  of  the  grea- 
test rainfall,  and  that  the  remarkable  westward  tilting  from  /'  to  c 
nearly  coincided  with  the  time  interval  during  which  the  atmos- 
pheric pressure  was  lowest,  namely,  between  0  and  0  a.m.  (on 
the  11th).  Xow  the  existence  of  a  barometric  depression  on 
Musashi,  Shimosa  and  Hitachi  plain,  or  the  district  lying  to  the 
east  and  north-east  of  Tokyo,  would  cause  this  part  of  the  earth's 
surface  to  rise  up,  the  consequence  being  that  there  ought  to  be 
a  westward  inclination  (be)  at  Tokyo  and  the  neighbourhood.  A 
similar  explanation  is  applicable  to  the  eastward  inclination  (ab). 
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Fig.  1.    EW  Tiltometer  Record.    Jan.  11,  1906  ;  HongO,  Tokyo. 


Pulsatory  Oscillations,  Observed  at  HongO,  Tokyo.    Jan.  11,  1906.    EW  Component. 
Multiplication =120. 


Time. 
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Fig.  2.    About  2.  A.  M 
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Fig.  3.  About  A.  A.  M. 
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The  demonstration  suggested  above  is  rather  opposite  to  that 
used  for  the  cose  of  the  tilting  observed  in  Tokyo  on  Oct.  10  and 
11,1904.  The  discrepancy  probably  lies  in  the  fact  that  on  the 
latter  occasion,  the  depression  moved  entirely  over  the  Pacific  at 
a  distance  of  several  hundred  km.  from  the  coast,  while  in  the 
present  case  the  track  of  the  cyclone  was  entirely  over  the  land, 
from  its  first  entrance  in  Kyushu  to  its  passage  into  the  ocean  at 
the  coast  of  Hitachi. 

Tiltometer  observations  of  the  effects  of  the  barometric  pres- 
sure simultaneously  in  two  rectangular  horizontal  directions  seem 
to  be  very  interesting  in  connection  with  the  question  of  the 
rigidity  of  the  earth's  crust. 
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The  Deflection  and  Vibration  of  Railway 
Bridges.  2nd  Paper. 

fij 

F.  Omori,  Sc.  D.t 

Member  of  the  Imperii!  Earthquake  Investigation  Comiuitteo. 

1.  Introduction.  In  No.  9  of  tlic  Publications  of  the 
Earthquake  Investigation  Committee  in  Foreign  Languages,  I  have  given 
an  account  of  the  measurements  of  the  deflection  and  vibration 
of  eleven  railway  bridges,  with  description  of  the  instruments 
employed.  Since  then  these  experiments  have  been  greatly 
extended,  and  in  the  course  of  1U01  and  1JJ02,  the  movements 
of  the  24  different  girders  and  trusses  on  the  Government,  the 
Nippon,  ami  the  Kwansei  Railways  have  been  examined.  All 
the  trusses  were  through  in  construction  except  the  two  similar 
105'  Pratt  trusses  of  the  oth  Ahawa-gaica  and  the  Kami  Usui-;/<t/ra 
bridges  which  were  <leek  in  construction.  All  of  these  bridges, 
most  of  which  are  constructed  according  to  the  Imp.  Jap.  (Jov. 
Railway  Standard,  are  for  single  track.  In  a  few  cases,  the 
vibration  * »f  the  bridge  piers  have  also  been  recorded.  The 
present  note  gives  a  tabular  statement  of  the  results  of  these 
measurements;  the  full  rcjx>rt  will  lie  given  in  a  future  number  of 
the  1'ublications. 

2.  In*tt  utnvnt*.  The  measurement  of  the  deflection  and 
vibration  of  the  bridge  trusses  and  girders  was  done  with  the  same 
instruments  and  in  exactly  the  same  way  as  in  the  preceding  series 
of  experiments  For  taking  the  direct  measurement  of  the  total 
amount  of  the  deflection,  however,  a  new  self  recording  arrange- 
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ment  was  designed,  whose  mechanical  details  an  given  in  PI.  XI  J. 
This  instrument  consist.*  essentially  of  a  strong  wooden  hoard  (a), 
f>  inches  hroad  and  some  ;>  feet  long,  which  is  fixed  by  means  of 
proper  holt*  or  hooks  (/')  to  the  girder  or  the  hottom  chord  of  the 
truss.  From  the  middle  of  the  plate,  rises  a  wooden  post  (<■)  ahout 
1' tall,  whose  top  serves  as  the  fulcrum  for  the  lever  (</<).  (me 
end  of  the  latter  is  stretched  hy  three  similar  powerful  spiral 
springs  (£)  fixed  vertically  to  the  plate  («);  while  from  the  other 
end,  (»■),  a  square  piece  of  wood  (0  is  suspended,  which  is  to  he 
tightly  stretched  hy  means  of  a  weight  ('/),  (not  shown  in  the 
figure)  suspended  with  a  steel  wire  or  tape.  To  the  inner  side  of 
the  wood  piece  ('/)  i>  fixed  hy  n  .-crew  a  small  thin  rectangular 
piece  of  wood,  (/»),  ahout  1"  x.V  in  si/e,  against  which  presses  the 
point  of  a  pencil  (/)  contained  in  a  guiding  tuhe  (/)  fixed  to  the 
hase  plate.  The  tuhe  (/)  contains  at  its  end  a  small  spiral  spring 
which  presses  the  pencil  (')  forward.  Thus,  when  a  train  passes 
over  the  girder  or  truss,  the  latter  is  deflected  and  bent  down  ; 
while  the  small  plate  (M  remains  always  in  iis  position,  on  account 
of  the  stretching  due  to  the  weight  (</)  and  the  springs  (/•')• 

The  pencil  (')  therefore  traces  in  the  natural  size  the  amount 
of  the  total  deflection  (i.  e.  statical  deflection  and  maximum 
vertical  vil -ration  combined)  on  the  plate  (/<).  The  latter  is  after 
each  experiment  to  he  suhstitued  by  a  new  one.  Kxcept  for  the 
case  of  mountain  torrent,  this  method  gave  generally  satisfactory 
results,  no  matter  how  deep  the  water  was;  the  weight  ('/)  consisting 
of  a  cylindrical  weight  of  lead  furnished  with  three  small  feet, 
which  together  weigh  about  1"»  kg.  The  following  are  some  of 
the  cases,  in  which  the  deflection  was  measured  both  directly  by 
the  above  mentioned  contrivance,  and  by  the  vertical  motion 
seismograph  (dcfkctonietcr)  set  up  on  the  bridge  itself:  — 
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Deflection 

Deflection 
measured 
by  vert, 
mot.  iitais- 
tnograph. 

Bridge. 

directly. 

Kcttwrks. 

CiUnnina.    1  '200'  "Double 
(lokaidoKj.)  1  Warren  G  ird. 

24.0inin 

•20.2  mm 

( Pus  son  ^-m-  t  niiu  \vi tb  "2  t*n  ^inos 

INos.  008  and  2  at  bead. 

Do. 

lbi-rjaica 

(Kwanst-i  Ky.) 

19.0 
18.0 

21.0 
17.4 

(Mixed  train,  with  2  encinos 
INos.  010  and  113  at  head. 
(Passenger  train, 
(Engine  No  44. 

Do. 

l'J.O 

17.5 

(Passenger  tiain, 
{Engine  No.  41. 

Mean. 

20.0 

J0.5 

J*.  Deflection  and  Vibration  of  the  Bridge  f.irder*  and 
TmmneH.  Table  II,  which  embodies  the  results  of  the  second  series 
of  the  deflection  and  vibration  measurements,  gives  for  each  of  the 
bridge  girders  and  trusses  the  different  elements  of  the  movement; 
the  experiment  having  been,  except  in  a  few  cases,  repealed  2  to 
21  times.  Table  III  gives  a  general  summary  of  the  results  of 
measurements  contained  in  Table  II,  namely,  the  absolutely 
greatest  and  mean  maximum  values  of  the  deflection,  double 
amplitude,  and  period,  for  each  case.  Table  I  gives  a  list  of  the 
locomotives  which  passed  over  the  different  I  n  idges  during  the 
experiments.  The  terms  defectum,  and  vertical,  (ninsnr.se  and 
longitudinal  vibration*,  which  are  used  in  the  same  senses  as  here- 
tofore and  refer  to  the  middle  of  the  bottom  side  of  a  girder  or 
truss,  are  defined  as  follows:  — 

The  deflection  is  the  total  amount  of  bending,  which  is 
equivalent  to  the  sum  of  the  statical  ..ending  and  the  maximum 
vibration  amplitude. 

The  r  rtioil  vibritioti  is  tin;  up  and  down  quick  movement, 
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whose  period  depends  on  each  girder  or  truss;  while  the  transverse 
and  the  longitudinal  vibration*  are  the  movements,  which  tako  place 
in  the  horizontal  plane,  and  whose  directions  are  respectively 
perpendicular  and  parallel  to  the  length  of  the  bridge.  For  each 
class  of  vibrations,  the  range  of  motion,  or  double  amplitude, 
and  the  period  (that  is  to  say,  the  complete  period)  are  denoted 
respectively  by  the  symbols  2a  and  T. 

The  values  of  the  deflections  given  in  Tables  II  and  III 
have  been  obtained  as  follows :-(l),  measured  by  the  deflectorneter 
alone  in  the  eases  of  a  70'  plate  girder  of  the  Tono-jawu 
(Maebashi),  the  three  100'  Warren  girders  of  the  Kuji-^nwr,  the 
2nd  £akawa-!/<i»'<i  and  the  3rd  Sakawa-y<nm  bridges,  the  120'  Pratt 
truss  of  the  Ihi-^nm  bridge,  the  two  similar  105'  Pratt  deck  trusses 
(up  line)  of  the  5th  Aizawa-j/'iwvi  and  the  Katni-Usui-f/awa  bridges, 
and  the  200'  Pratt  truss  of  the  Kizu-ya»>«  bridge;  (2),  measured 
directly  by  the  contrivance  before  described,  in  the  cases  of  the  20' 
plate  girder  of  the  Tone-«/<nm  bridge  (Toride),  the  70'  plate  girder 
of  the  Kv/M-yttirn  bridge,  the  100'  Warren  girder  (one  nearest  the 
Kasagi  end)  of  the  Kizu-;/»/v/  bridge,  the  105'  Pratt  truss  (down 
line)  of  the  5th  Aizawa-^cv  bridge,  a  200'  Double  Warren  girder 
(Truss  No.  11)  of  the  Oi-j/a/nt  bridge,  the  200'  bow-string  truss  of 
the  3rd  Ai/awa-yur  u  bridge,  and  a  200'  Double  Warren  girder 
(No.  1)  of  the  Tone-</.'«<t  bridge  (Toride);  and,  (3),  measured  both 
by  the  deflectorneter  and  directly  by  the  same  contrivance  as  in 
(3),  in  the  remaining  4  cases. 

The  period  of  the  longitudinal  vibration  which  was  generally 
too  quick  to  be  distinctly  measured  by  our  instrument,  is  not 
given  in  the  tables. 

The  asterisks,  affixed  in  Table  III  to  the  names  of  some 
of  the  bridges  signify  that   the  values  of  the  deflection  and 
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the  vibrations  given  there  are  those  caused  by  the  passage  of  the 
heaviest  engine  or  train  which  pass  over  those  bridges  in  the 
present  state  of  the  traffic  on  the  different  Japanese  railways. 
In  Table  III,  the  absolutely  greatest  among  the  different  values 
of  a  given  element  of  motion  in  each  column  are  printed  in 
fat  letters. 

A  photographic  picture  of  the  contrivance  for  directly  measur- 
ing the  deflection,  described  in  §  2.  is  given  in  PI.  XLII. 
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Weight  of 
Tender. 


No. 


Total  Weight 


W  eight  of  v 
Tender.  >0' 


Clasn.        Total  Weight 


NIPPON  RAILWAY* 


T 

c  u 

T 

C 

T 

C  lbs 

T 

C 

lb. 

38 

Tank  Engine 

33. 

8.  2 

513 

Tender  Engim 

70. 

16.118 

20. 

13. 

26 

02 

»• 

44. 

15.  0 

1 

515 

»» 

»«  frl 

123 

38. 

10.  3 

524 

*« 

M 

•»  n 

209 

Tender 

55. 

16.  0 

24. 

10. 

0 

527 

•» 

pi 

»♦ 

■  » 

211 

■■ 

: 

•• 

•» 

u» 

16.  118 

*» 

it* 

535 

■• 

80. 

0. 122 

26. 

13. 

26 

508 

»• 

70. 

26. 

13. 

L'6 

l  553 

Tank 

>• 

80. 

9.  12 

510 

»• 

1»  »» 

»* 

•  * 

;  555 

•• 

•  » 

511 

«• 

»» 

•  * 

M  »» 

KWANSAI  RAILWAY. 


24  Tender  Engine 


27  Tank 

29  .. 

30  Tender 

33  ,. 

34  h 

35.  .. 


T  C  y 

62.  17.  3 

36.    2.  0 

»»  #•  M 

64.    0.  0 


T    C  Q 

25.  17.    3      36  Tender  Engine 
38 

vo 

41 


23.   10.  0 


T 
64. 


C  ^ 
0.  O 


T  O  <i 
23.  10.  0 


54.    4.  0 


t»  It 


18.  10.  0 


GOVERNMENT  RAILWAYS. 


T 

C 

1 

c 

T 

»: 

T 

O 

2 

Tender  Engine 

42. 

14. 

17. 

6. 

0 

272 

Tender  bngine 

59. 

8. 

V 

22. 

74 

Tank 

ii 

45. 

9. 

2 

278 

■  - 

113 

»• 

•» 

33. 

8. 

2 

2S9 

•» 

i. 

187 

Tender 

»• 

60. 

19. 

0 

22. 

0. 

0 

299 

Tank 

48. 

y. 

0 

183 

** 

N 

M 

*• 

•* 

" 

324 

*• 

»• 

180 

** 

t» 

>» 

*t 

»• 

325 

•i 

190 

*» 

n 

*• 

•■ 

*• 

503 

53. 

12. 

0 

191 

ii 

»« 

»» 

(505 

Tender 

17. 

0 

l'J. 

10. 

<> 

19:* 

it 

*• 

606 

194 

•» 

M 

*• 

«■ 

608 

•. 

» ■ 

'» 

197 

.» 

»• 

*% 

610 

" 

199 

h 

*» 

»• 

•» 

612 

f* 

»« 

200 

»» 

»» 

■  ■ 

•• 

» ■ 

•' 

•• 

G34 

H 

•  » 

■• 

203 

*» 

•  . 

•• 

040 

X  Total  utight  is  the  weight  of  the  engine  and  tender. 
•  The  Nippon  K:iilvray  has  r.'Cintly  l*>m  nationalized. 
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TABLE  II.    DEFLECTION  AND  VIBRATION 


Kiver. 

Bridge  Girder 
or  Truss. 

Deflection. 

Vertical  Vibration. 

Inbtruiuon- 

tally 
measured, 
(mm) 

Directly 
measured 
(mui) 

Mean, 
(mm) 

2a 
(mui) 

T 

(■:< 

Tone  (Totide) 

2tf  Plato  Girder 

2.1 

— 

(MM**  nr  ) 

2.9 

10.8 





1.0 

0.21 

• 

• 

8.S 





1.2 

024 

1U 





1.5 

0.22 

9.1 

10.3-(iJ) 

9.7 

1.0 

0.22 

io.»-( .. ; 

if.£ 

0.20 

9.5~<|") 

huji  (Uuukn) 

w  .. 

12.5 

- 

— 

— 

(Nippon  Ry  1 

12.4 

12.4 

Tone  (Mayebashi) 

70'  „ 

on 

v.w 

(Nippon  Rj  1 

7.5 

— 

— 

1.7 

0.22 

— 

- 

— 

1.5 

0.19 

8.8 



*  - 

2.0 

0.21 

9.9 

 . 



1.8 

0.21 

Kizu  (Kosagi) 

70'  .. 

16.3 

— 

— 



Ihwanuil  lij-l 



14.5 



.  _ 

— 

15.5 

— 

— 

— 

Kizu(Ouiikft) 

100'  Warren 

11.3 

3.5 

0.35 

(Nippon  It)  ) 

Girder 

16.4 

5  6 

0.31 

0.9 

0.34 

17.8 

5.1 

0.34 

(Xo.  2)  Sakawa 

leo' 

14.7 

3.2 

035 

(Vantakita) 

11.6 

5.6 

0.27 

(Oov.  Ry.) 

3.2 

13.3 

0.32 

(No.  3)  Sakawa 

100' 

15.1 

5.1 

0.29 

( Yciuinkita) 

(Got.  Ry.) 
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Tranter*!  Vibration. 

I^ncllodlna! 

Time  taken 
by  l/oco- 

Xo.  of 
Locomotive. 

(aim) 

T 

2.1 
(uiin) 

motive  in 
p-u*tinjj  over 
the  Girder  I 

or  Truss. 
<») 

Train. 

— 

i 

— 

— 

- 

3.8 
3.0 
4.0 
32 
4.2 

sa» 

633 
123 
527 
02 
555 
.'.13 

Up.  Passenger  Train. 
Down,   „  „ 
Up,  Good* 
Down.   „  „ 
Up,  Mixed  „ 
Down.  Goods  „ 

••  i' 

..  Mixed 

— 

— 

— 



533 
508 
524 

1  p.  (iooda  „ 
„  PatseDger 
Down .  _ 

2.0 
3.2 
5.0 

0.32 

o.w 

0.37 

0.2 
1.0 
Faint. 
0.4 

2.2 
2.6 

2.6 
2.« 

38 
•• 
" 
•• 

„  Mixed  h 
Up.  „ 

Down,  Paswnger  „ 

Up,  Mixed 

Down,  „  „ 

- 

— 

31 

2* 

Up.  Mixed 

Down.  Goods  „ 

36 

,.  Express. 

8.0 
10.0 
6.3 

to.o 

0.63 

aft* 

1.06 
O.fll 

0.7 
0.0 
0.4 

0.7 

"0 
3.2 
0.0 
3.4 

511 
508 
535 
524 

Down,  1  assenger  (1 

Up, 

Goods 
Down.  Passenger  ,. 

C.5 
5.0 
10.2 

0.76 
Vibration 
very  quick. 
1.00 

1.3 
2.7 

4.4 
2.3 
3.S 

f  194  and  191, 
(   iu  aerie*. 
199 

<  103  and  197, 

(  190  and  272. 
(    in  serks. 

Up,  Goods  „ 
..  Passenger 
..   Goods  ., 

•1.0 

„  Passenger 
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TABLE  II. 


Deflection. 

Vertical  Vibration  1 

Kiver. 

Bridge  Girder 
or  Truss. 

I  11 S  t  ru  n* 

tally 

measured, 
(mm) 

Directly 
measured, 
(mm) 

Mean, 
(mm) 

2a 
(mm) 

T 

(•) 

Kizu  (k'aaaci) 
(Kwwiwi  liy.) 

10<y  Warren 

Girder, 
(on  Xagoya  side). 

12.0 
10.3 
9.3 

— 

3.7 
2.7 
2.3 

0.30 
0.28 
0.27 

9.S 

... 

2.8 

0.28 

2.1 

0.25 

13.3 

— 

4.7 

0.25 

11.5 

— 

10.2 

10.4 

- 

— 

10.0 

— 

- 

9.2 

_  _ 

9.5 

— 

14.0 

— 

(Do) 

100  Warren 

Girder, 
(on  Kaaajfi  tide). 

10.2 

9.8 

_ 

Ibi  (N'agashima) 

(l>0.) 

120  Pratt  Truss. 

7.2 
8.0 

1.0 
1.2 

0.25 
0.28 

5.3 

— 

— 

!.0 

0.21 

Xo.  5.  Aizawa 
(Oyamaj 
(Oov.  tlj.) 

105'  Pratt  Trues 
Deck. 

22.4 

5.8 
4.4 

0.33 
0.31 

<> 

(IK>.) 

105      (  ) 

- 

17.5 
15.0 

z 

: 

Kami-Usui  (Matau- 
ufa) 

MM) 

105      (    ..  ) 

U.7 
17.2 
18.2 

z 

- 

4.9 

G.8 
C.3 

0.28 
0.82 

17.7 

4.3 

028 

.5.4 

z 

4.4 

0  33 
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COXT. 


Transverse 

Vibration. 

IsifKl  toil;  mil 
Vllmnoo. 

'1  'i  utM  f jt  Icmti 

by  TiOComo- 

I 

Xo.  of 
Txtcomotive. 

I 

2a 
i  nun  ^ 

T 
Is) 

2a 
(uim) 

tive  in 
passing  oyer 
the  Girder 
or  i  russ, 

(•> 

Train. 

— 

— 

■9 

Up.  Parser  T 

,  1 1  Carriages 

Oa 

«> »  I. 

tt 

.  lt» 



39 

38 

Down,  Goods 

M 

.  G  Wagons 

— 

— 

— 

3.4 

33 

Up.  Passenger 

» 

,  U  Carriages 

34 

38 

.. .  Goods 

,  11  Wagons 

2.5 

35 

Down.  Passenger 

•  » 

.  10  Carriages 

— 

— 

89 

Up. 

.  11  .. 

— 

30 

Down,  ., 

.10  „ 

35 

„    ,  Goods 

*► 

,  11  Wagons 

— 

- 

:i3 

..    .  Passenger 

•• 

.  12  Carriages 

— 

30 

Up. 

.  11 

- 

— 

35 

„  ,  Goods 

ti 

.  11  Wagons 

— 

Ol 

Down,  Passengi'i 

,  10  Carriages 

— 

— 

— 

— 

34 

Up,  Goods 

,  4  Wagons 

30 

n 

,  10  Carriages 

- 

— 

4.4 

4.(1 
4H 

40 
41 

•-'7 

Down,  Passengc 
Up,  Mixed 
Down.  .. 

r,. 

< 

,  10  Carriages 
P;us^,,  0  Cars. 
Goods,  6  Wags. 
Pass,  tj  Cars. 
Goods.  0  Wags. 

4.6 
4.0 

C  103  and  197, 
in  series. 
1BJI  and  2H9. 
in  series. 

Up,  Goods, 

.  20  Wagons 
,  20  Carriages 

2(X) 

Down,  Pagsonge 

,  9  Carriages 

103 

„    .  Goods 

•  • 

,  31  Wagons 

74 

,  1 0  Wagons 

7.8 
C.2 
7.7 
5.4 

1.0 1 

0.09 
1.32 
0.99 

0.7 
1.1 
0.9 
0.7 

3.2 
3.3 
3.3 

3.«; 

299 
325 
74 
299 

Up, 

Down,  Mixed  ,. 

Up  

Down.  Goods 

i. 

< 

.  12 

Post,  7  Cars. 
Goods,  3  Wags. 
Pass,  6  Cars. 
Goods.  4  Wags. 
,  13  Wagons 

Digitized  by  Google 


F.  Ouiori : 


TABLE  II. 


Bridge  Girder 
or  Truss. 

Defied  ion. 

Vertical  Vibration. 

Kiver. 

I  n  *-"t  riimi>n* 

tally 

measured, 
(mm) 

Di  recti  v 
measured, 
(mm) 

Mean, 
(mm) 

2a 
(mm) 

T 

Km  mi. I  Tani   I  \f  h- 

tsuida) 
(Got.  Ky> 

10.V  ( Pratt  Truss 
Deck) 

17.4 
16.7 
— 

— 

— 

— 

— 

— 

5.S 
5  7 
5*5 

0.25 
0.23 
0.23 

14.8 

— 

-- 

C.l 

0.32 

164 

- 

— 

4.5 

0.25 

170 

18.2 

- 

— 

5.G 

0.28 

C3 

0.28 

— 

-- 

— 

5.0 

O.SO 

— 

— 

G.8 

0.31 

— 

— 

— 

4.8 

0.32 

— 

— 

— 

5.9 

0.2C 

ft  it 

20.2 

— 

— 

9.2 

0.30 

19.2 

8.8 

0.23 

— 

— 

- 

4.9 

0.33 

- 

— 

— 

2.2 

0.32 

(Kwuad  It)  ) 

Jwll>OUt>le  »r- 
ren  Girder) 

17.4 
17.5 

13.0 
19.0 

17.7 
18.3 

30 
8.2 

0.3C 
0.32 

!82 

44 

04C 

18.5 

2.7 

0.50 

1G.5 

6.0 

0.44 

13.C 

1.9 

0.53 

Oi  (Kanayiv) 

(Got.  Ky.) 

200' 

(No.  10  Girder) 

_ 

26.2 

24.0 

25.1 

7.2 

0.39 

13.0 

2.5 

0.35 

16.8 

33 

0.40 

21.0 

19.0 

20.0 

3.4 

0.38 

°A 

0.37 
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COXT. 


I  rans»erse 

Vibration. 


2a 

T 

(i))tn) 

<■> 

11.5 

0.92 

2,7 

— 

8.1 

1.15 

6.0 

o.o-; 

3.8 

0.99 

7.2 

0.99 

2.9 

0.28 

8.9 

1.25 

11.5 

1.21 

15.0 

1.09 

12.0 

1.24 

11.0 

127 

10.8 

1.21 

12.5 

1.43 

4.7 

~~ 

0.50 
_ 

5.0 

o.oo 

5.4 

1.12 

6.5 

1.12 

8.0 

0.94 

6.0 

0.66 

3.8 

0.81 

5.8 

0.76 

3.4 

0.79 

12.4 

0.74 

L/ttlfltUdilM] 

Vibration 


2a 
(mm) 


Time  taki-n 
by  Locomo- 
tive in  pass* 

ing  over 
the  Girder 

or  Truss. 


Xo.  of 
Locomotive 


Train. 


1.5 
1.0 
1.0 
1.4 

1.0 

0.7 
0.7 
0.3 


0.0 
0.8 
0.5 
05 


0.7 
0.7 
1.3 


2.0 
3.2 
2.0 
3.4 
3  0 
3.3 
2.0 


4.8 
4.0 
4.8 
4.2 
4.0 
6.0 


6.3 
5.0 
6.0 


7.0 


325 
74 
299 
325 

325 
325 
321 
74 
321 
505 


42 


606 

605 
008  and  2,  in 
series. 

634 


Up,  Goods  Train, 
Down,  Mixed  „ 

Up, 

Down,  Goods  „  , 

l^'P  

Down.    .,       „  , 

Up,     Mixed  „  , 

Down,  Goods  ,,  , 

Mixed  „  , 

Down,  Goods,  „  , 
Up. 

Down,  „ 

Up. 

Down  „ 
Down  ,' 
Up 


10  Wagrns. 
"Goods.  1  Wags. 

Pass,  6  Oars. 

Goods,  6  Wag*. 

Pass,  tt  Cars. 
11  Wagons. 


1 1  Wagi>ns. 
(Goods.  2  Wags. 
(Pass..  8  Cars. 

12  Wagons. 

(  Pass..  C  Cars. 
(Goods,  4  Wags. 
12  Wagons. 


Up.  Mixed  Train.  j^0C 


18  Wags. 


41 

Up,  Passenger  „  , 

10  Carriages. 

41 

Down  

40 

Up,  Mixed     „  , 

Pass.,  10  Cars. 
Goods,  5  Wags. 

40 

Down,  Passenger  .,  10  Carriages. 

41 

Up,  Mixed  ,, 

Pass.,  6  Cars. 
Gooda,  6  Wags. 

27 

Down,    „       „  , 

Paw.,  6  Cars. 
Goods,  9Wags. 

Up,  Mixed 
Down,  „ 


640 

(lUO  and  113,  in 

(  series. 

(  Two  workmen  run 


SPasa ,  5  Cars. 
Goods,  10  Wags. 
<  Pass.,  8  Cars. 
"  '(Goods,  8  Wags. 
Up,  Passenger  „  ,  18  Carriages. 

Down.  Mixed  ,.  .{S^^Vags. 

,.    ,  Passenger  „  ,  17  Carriages, 
r-     «r-  ,„i         ( Pans ,  6  Car*, 
up,  Wixeu    »  ^ Goods.  10 Wags. 
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F.  Owori : 


TABLE  II. 


Bridge  Girder 
or  Truss. 


injured. 


(inm> 


(nr.m) 


Oi  (K*oaj-») 

(Oor.  Br  ) 


<K»»«ri) 


tOff  Double  War 

rcn  Girder 
(Xo.  10  Girder) 

200* 

(Xo.  14  Girder) 


300"  Pratt  Trow 


200 


Xo.  3  Airawa       200  Bow-string 
(Ormxna)  Truss 

Mar.  n».) 


200 


18.2 

15.S 

17.« 
17.4 
19.S 
17.0 


15.0 
144 


— 


_        1  _ 


10.5 
13.0 
118 
ll.fi 
11.3 


Mean. 

(mm) 


.  ertical  Vibration. 


Instrutnen- 1  Directly 


2a 

T 

1  (mm) 

4.0 

0.40 

2.* 

— 

— 

— 

7.3 

— 
0.43 

1.7 

5.3 

0.37 

4.4 

6.1 

031 

4.8 

— 

4.5 

0.37 

4.5 

1X37 

0.0 

0.37 

5, 

0.41 

6.9 

0.43 

6-8 

0.42 

2.5 

0.29 

2.2 

0.36 

3.3 

0.26 

45 

0.38 

- 

_     I  _ 
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COAT. 


Transversa 
Vibration. 

IxngJUi'litml 

1  luit-  takt-ix 

by  Ix^couio*  , 

Xo.  of 
Locomotive. 

2a 
(moi) 

T 
(») 

2a 
(mm) 

tire  in  ii 
uisgini;  oye»| 
the  girder 
ortmsi.  1 

Train. 

5.8 

608 

Up,  Goods  Train.  24  Wagons 

G.8 

0.88 

— » 

— 

612 

Down,  „       „  . 18  „ 

— 

— 
— 

608 
012 

j          (  Pass.,  6  Cars. 
Mued     ..  .  |ooods.4\Vags. 

Down,  Goods  ...  12  Wagons. 

_ 

_ 

i 

6.0 

3S 

rl       1        ••          «•     1  *  1  •» 

— 

— 

4.7 

33 

„    ,  rassenger  „  ,  iz  v-arnages 

5.4 

30 

Up,             „               .,.11  it 

- 

— 

4.7 

35 

,. ,  Goods  Train,  11  Wagons 

— 

5J6 

31 

Down,  Pass.    „  ,  10  Carriages 

- 

— 

— 
— 

4.7 
6.0 

36 
38 

«...         i  Posh  .  1  Ciirn. 
.,   ,  ;uixea  „  ,  Jaood,(iiwag8. 

9  a 

0.65 

1.4 

— 

29 

Up,  Passenger  „  .  11  Carriages 

3.1 

0.71 

1j6 

— 

83 

Down,   16  .1 

1.3 

0.61 

1.3 

38 

„   ,  Goods  „  ,  6  Wagons 

2.3 

0.2C 

1.3 

— 

33 

Up,  Passenger ,,  ,11  Carriages 

2.7 

0.45 

1.0 

38 

„  .  Goods       ..  ,  8  Wagons 

1.9 

0.77 

1.5 

35 

Down,  Fa? a.     .,  .10  Carriages 

5.6 
5.3 

272 

<  188  and  200, 
{in  series. 

Up,  Passenger  „  ,  9  Carriages 
,. .  Goods      „  ,  28  Wagons 

6.6 

(187  and  191. 
(in  series. 

„  ,  Passenger  „  ,  18  Carriages 

272 

193 

200 

278 

203 
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F.  Omori : 


TABLE  II. 

Vertical  Vibration .  I 


River. 


Bridge  Girder 
or  Truss. 


Deflection. 


Institution-  .  Directly 


tally 
wcasored. 
(mint 


measured 
(mm) 


Mean 
(in  in) 


2a  T 
(inm)  (a) 


Tone  (Toride) 
(Nippon  liy.) 


No.  3  Sakawa 
(Yamakita.) 
(Gov.  Ky.) 


20(V(  Double  War- 
ren Girder) 

(1st  Girder  from 
Tokyo  side) 


200'  (Doublo  War 
ren  Girder) 

(2nd  Girder  from 
Tokyo  iide) 


200' 


(    ..  ) 


200'  (Bow-string 
Trnst) 


17.5 
25.4 
23.5 


2.6 

0.35 

4.0 

0.46 

5.0 

0.43 

45 

0.44 

8.5 

0.10 

4.-» 

0.50 

7.3 

0.41 

4.5 

0.34 
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COAT. 


Trims*  it*' 
Vibration. 

I/>nsltuJin«l 
Vibration. 

'1  into  taktm 
by  Locomo- 

No. of 
Locomotive. 

2a 
(aim) 

T 
<«> 

2a 
(mm) 

tive  in  pass- 1 

ing  over 
the  Girder 
or  Truss. 

(•) 

Train. 

— 

— 

— 

123 
527 

(211  and  510. 
(    in  series. 

Down,  Goods  Train. 
Up.  Mixed 
Down.    .,  ,, 

3.1 
5.8 
4.6 
4.7 

0.  93 

1.  <K) 
(0.91 
i0.45 

o.5 
1.0 
0.7 
0.7 

515 
513 
553 

Up,  Mixed 

Down  

Up,  Goods 

4.8 
5.0 
G.8 

0.86 
0.90 
1.20 

0.7 
1.0 
0.7 

123 

527 
(211  and  510. 
1    in  aeries. 

Down,  ,. 
Up.  Mixed 
Down,  ,, 

6.5 

0.39 

34 

(190  and  272. 
(    in  series. 

Up,  Passenger  ., 
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183  F.  Ouiori : 

TABLE  III. — SUMMARY  OF  THE  DEFLECTION  AND  VIBRATION 

MEASUREMENTS. 


Deflec- 
tion 

Vertical  Vibration 

Traiih  verM' 
Vihmtion 

djcwl 
Vlt«n»l|nn 

H  rubra  Girder  or 

Max.  2a 

T 

Max.  2a 

T 

Trues. 

2a 

9 

O 

s 

m 

§ 

■ 

& 
a 
o 

M 

i 

—  s 

a 

S 
a 

m 

Se 
a 

tJ 

a 

M 

a 

tt 

a 

(Turn) 

imr.O 

fmm 

(nun) 

(mm) 

(mm) 

(«» 

(•)  [(mm) 

•Tone  (Toride) 

20"  Plato  Girder 

2.t 

2.5 

• 

>« 

60'     „  „ 

11.1 

i.r 

1.2 

0.26 

0.23 

— 

— 

•Kuji  (Omika) 

60  .. 

12.5 

12.4 

— 

— 

— 

— 

— 

— 

— 

Tone  (Maeboabi)  70'  „ 

9.1' 

8.S 

2JC 

1.0 

0.23 

O.'iC 

50 

3.4 

0.43 

0.38 

1.0 

0.4 

•Kizu  (Kaaagi) 

70'  .. 

10.3 

15.4 

_ 

•Kuji  (Oinika) 

1U0'  Warren 

17.8 

16.2 

5.e 

4.8 

0.35 

0.34 

IOjO 

9.5 

1.06 

0.82 

0.9 

0.7 

•Xo.  2.  Sakawa  I  Yamakita)  100' 

14." 

13.2 

5.C 

4.0  0.35  0-31 

10.2 

7.5 

IJOO 

0.93 

2.7 

2.0 

•Xo.3.     „  ( 

)10tf  ,. 

15.4 

- 

5.1 

0.29 

_ 

— 

Kizu  (Kasagi) 

IW  ,. 

14  A< 

10.9 

4.7 

3.1 

0.30 

0.27 

..(,.) 

100' 

10.2 

10.0 



]bi  (Xagaahuna)  120'  Pratt 

80 

6.S 

IX 

1.3  0.28 

0.25 

•Xo.3.Aizawa(C 

►jraujft)  105'  Pratt  Deck 

25.1 

23.9 

:>» 

0.33 

0.32 

- 

— 

( 

•■    )         •■  .. 

17.5 

16.3 

— 

Kaini-Usui  (Matsuida)  105 

20.2 

17.1 

9.4 

5.8  0.37 

0.30 

15.0 

8.7 

l.K 

15 

0.9 

Ibi  (Xagasninia)  200'  Double  AVarren 

18  r 

17.1 

8.4 

4.1  0.59 

0.43 

C.5 

J 

5.6  1.12 

0.95 

1 J 

0J9 

•Oi  (Kanaya) 

200'     „  „ 

25.1 

lS.f 

7.2 

3.9  0.42 

0.39 

12.4 

C.5  0.9-1 

0.80 

- 

tt  ■• 

»•  .» 

13.0 

14.9 

I 

•Tone  (Toride) 

200'  ,. 

20.f> 

24.1 

1  ._ 

•..(..) 

•■       t.  >. 

8J 

5.3 

0.50 

0.43 

6.8 

50 

1.20 

0.97 

1.0 

as 

Kizu  (Kaaagi* 

200'  Pratt  Deck 

19-4 

17.6 

7.P 

5.1 

0.43 

0.37 

3.1 

2.3  0.77 

0.69 

1.6 

1.4 

•  So.  X  Siik«w»  (to 

iuaklu)  250'  liovrSlrintf 

4.5 

0.34 

6.5 

0.3'.. 

3.4 

•Xo.3.  Aizawa(Oyatna)  200'  ,.  ., 

4.S 

3.1 

0.38 

0.83 

..  ( 

»»     )  >  

13.( 

11.6 

_ 

llozu  (Saga)t 

200'   „  ., 

3.7 

3.3 

0.39 

0.3S 

2.7 

0.97 

0.90 

1.3 

0.9 

*  Tbo  Hozu-^jira  bridgo  vibrations  were  measured  by  Professors  S.  Tanaljo  and  T.  Hibi,  of 
Kyoto  Imp.  Univ. 
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From  Table  III,  we  see  that  the  absolutely  greatest  amount 
of  the  deflection  re-ached  2'.)..")  nun  in  the  ease  of  one  of  the  200' 
double  Warren  girders  of  the  Tone-'/'wa  (Toride)  bridge,  and  the 
naxt  greatest  amount  of  25.-1  nun  occurred  in  the  case  of  one  of 
the  105'  Pratt  deck  truss  of  the  No.  5  Aiza\va-<7<™"<»  bridge;  each 
having  token  place  under  the  passage  of  two  tender  engines  in 
series.  The  greatest  vertical  vibration  of  I). 2  mm,  which  occurred 
in  the  case  of  the  Kami-Usui-ya/fi  105'  truss,  similar  to  that  of 
the  last-named  bridge,  was  produced  by  the  passage  at  a  velocity 
of  17  miles  /  hour  of  an  Abt  engine  of  53'  12'  coupled  to  a  break- 
van;  the  maximum  vertical  motion  of  a  girder  or  truss  of  long 
.span  generally  occurring  with  a  train  running  at  a  comparatively 
slow  speed.  The  next  greatest  vertical  vibration  of  8.5  mm 
occurred  in  the  case  of  the  first -mentioned  Tanu-gami  bridge. 
From  these  figures  it  will  be  readily  understood  that  the  vertical 
vibration  forms  an  element  of  the  bridge  motion  of  a  considerable 
importance.  The  period  of  the  vibration  varied  from  about  0.2 
sec.  for  00-70'  plate  girders  to  nearly  0.0  sec.  for  the  200'  double 
Warren  girders. 

The  two  greatest  transverse  vibrations  of  15.0  and  12.4  nun 
occurred  respectively  in  the  cases  of  the  Rami-Usui  gotta  105'  deck 
Pratt  truss  and  one  of  the  200'  double  Warren  girders  of  the  Oi- 
gutra  bridge;  the  vibration  period  nf  former  bridge  reaching  an 
extraordinary  length  of  nearly  U  sec.  The  length  of  the  trans- 
verse period  was  generally  more  than  double  the  vertical  period. 

The  longitudinal  vibrations  were  always  very  quick,  and 
was  not  able  to  satisfactorily  measure  their  periods  with  the  instru- 
ments then  used.    The  amplitude  of  these  movements  was  small, 
varying  between  0.0  and  2.7  mm  for  the  different  girders  and 
trusses.    In  virtue  of  the  great  intensity  or  violence,   the  longi- 
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tudinal  motion,  although  small,  must  play  an  important  part  in 
the  process  of  loosening  the  rivets,  or  wearing  the  joints,  and  its 
study  will  prove  of  great  value  in  connection  with  the  strength  of 
the  bridge  structures. 

A  careful  study  of  the  results  of  the  measurements  given  in 
Tables  II  and  III  will  disclose  many  interesting  points.  Amongst 
others,  it  will  be  observed  that  a  weak  bridge  has  a  larger  range 
(double  amplitude)  as  well  as  a  longer  period  than  a  strong  bridge, 
the  vibration  elements  being,  so  to  speak,  the  indices  of  the 
strength  or  quality  of  a  given  elastic  structure. 
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Horizontal  Tremor  Recorder. 

By 

F.  Omori,  Sc.,  D., 

Member  of  tht«  Imperial  Earthquake  Investigation  Committee. 

In  the  Publications,  No.  IS,  I  have  described  a  form  of  hori- 
zontal tremor  recorder  designed  to  measure  the  small  vibrations  of 
the  ground  due  to  artificial  causes.  Since  then  several  instru- 
ments of  the  same  type,  adapted  to  a  continuous  seismic  iegistra- 
tion,  have  been  constructed,  the  two  horizontal  component 
vibrations  being  written  on  a  smoked  paper  wrapped  round  a 
revolving  cylinder  in  the  usual  way.  These  seismographs,  with  a 
magnification  of  about  100,  set  up  in  the  Mount  Tsukuba  and 
Osaka  Meteorological  Observatories  proved  very  useful  in  the 
observation  of  near  earthquakes,  or  those,  say,  of  the  epicentral 
distance  under  1000  km. 

The  upper  picture  on  PI.  XLI1  represents  a  single  component 
"tremor  recorder,"  whose  heavy  bob  is  o2  kg  in  weight,  and 
which  magnifies  the  motion  200  times. 

Although  the  observation  of  the  teleseismic  disturbance  is 
very  important,  it  must  not  be  forgotten  that  the  chief  interest  of 
the  earthquake  measurements  is  in  connection  with  the  study  of 
local  shocks.  For  an  earthquake  country  it  will  be  more  to  the 
purpose  to  provide  the  different  stations  with  the  "tremor 
recorders,"  or  similar  instruments,  together  with  ordinary  seismo- 
graphs for  the  observation  of  the  macro-seismic  disturbance;  the 
instruments  for  the  study  of  the  teleseismic  motion  being  set  up 
only  at  a  few  standard  observatories. 
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Long  Period  Horizontal  Pendulum. 

By 

F.Omori,  Sc  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

For  the  observation  of  slow  vibrations  occurring  in  the 
teleseismic  motion  it  is  necessary  to  bring  the  "  steady  mass  of 
a  seismograph  sufficiently  near  to  the  state  of  neutral  equilibrium, 
so  as  to  make  the  natural  oscillation  period  of  the  instrument 
much  longer  than  that  of  the  earthquake  movements.  In  the 
case  of  a  horizontal  pendulum,  this  amounts  to  minimizing  the 
angle,  f,  formed  between  the  vertical  and  the  axis  of  the 
pendulum,  or  the  line  joining  the  points  of  support  and  of 
suspension  of  the  latter.  Now,  as  the  tendency  of  the  pendulum 
to  become  unstable  depends  on  the  smallness  of  the  horizontal 
distance  between  the  points  of  support  and  of  suspension,  we  can, 
by  increasing  the  vertical  distance  between  these  two  points, 
lessen  the  angle  v'  and  thereby  increase  the  oscillation  period, 
without  throwing  the  pendulum  out  of  the  stable  condition.  If 
the  length  of  the  horizontal  strut  be  about  1  metre,  and  the  verti- 
cal height  of  the  pendulum  be  2i  to  M  metres,  the  oscillation 
period  can  be  raised  to  about  .*J  min.*;  the  mass  of  the  heavy  bob 
employed  being  about  50  kg. 

1*1.  XL1 II  represents  a  horizontal  pendulum,  temporarily  set 
up  in  the  Seisinological  Laboratory;  the  instrumental  constants 
being  as  follows  :  — 

•  So«?  ulso  the  I'M  e  tU»u».  Xo.  4. 
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Long  Period  Horizoutol  Pendulum. 


Weight  of  the  bob =50  kg. 

Length  of  the  horizontal  strut=l  metre. 

Vertical  height  of  the  pendulnm=2  metres. 

Pointer  multiplication  =  30. 
The  pendulum  can  be  adjusted  without  difficulty  to  an  oscillation 
period  of  about  2m  15*. 

The  recording  apparatus  has  received  a  notable  improvement 
in  the  hand  of  H.  I.  H.  Prince  Yamashina,  who  takes  a  keen 
interest  in  meteorological  and  scismological  observations.  The 
mechanism  is  so  arranged  that  the  cylinder  can  he  quietly  rolled 
away  horizontally  and  normally  o  it*  axis,  enabling  us  to  take  off 
or  put  in  the  position  the  record-receiver  without  affecting  the 
writing  pointer. 
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Seismographic  Diagrams  of  the  Local  Earthquake  of 

June  ii,  1907  * 

B, 

F.  Omori,  Sc.  D., 

Member  of  tl.o  Imi<cviul  Earthquake  Investigation  Committee. 

1.  Area  of  Disturbance.  The  earthquake  of  June  11,  1007, 
at  81'  50™  21*  a.m.  (Hongo,  Tokyo)  was  felt  moderately  or  strongly 
in  the  vicinity  of  Tokyo  over  an  area  about  200  km  in  length 
and  about  100  kin  in  width.  The  area,  within  which  the  motion 
was  sensible,  stretched  from  near  the  northern  end  of  the  Main 
Island  to  the  vicinity  of  Osaka,  over  a  distance  of  nearly  000  kin. 
(See  Fig.  lt  PI.  XLIV.)  In  Tokyo,  the  earthquake  was  of  a 
moderate  intensity,  and,  although  no  damage  was  caused,  it  was 
the  strongest  next  to  the  severe  shock  of  Feb.  24,  1000. 

2.  Position  of  the  F.qke  Origin.  The  durations  of  the  preli- 
minary tremor  at  Tokyo,  Mito,  and  Mount  Tsukuba,  were  respec- 
tively 8.5  sec,  0  sec,  and  7.2  sec  The  circles  drawn  about  these 
places  and  centres  with  radii  equal  to  the  conesponding  epicentral 
distances!,  meet  each  other  near  the  origin  of  disturbance,  whose 
approximate  position  is  /=140°45',  ?=:&?>()',  at  about  100  km  to 
S78°E  of  Tokyo.  (See  Fig.  1.)  In  Tokyo,  the  shock  was  preceded 
by  a  slight,  but  distinct  sound. 

3.  .ttlcroselsinograph  KeoorUs.  Fig*.  >,  3,  and  4  (PI.  XLV) 
give  the  EW,  vertical,  and  NS  component  diagrams  furnished  by 

'  The  times  axe  given  in  the  1st  Normal  Japan  Time,  namely,  that  of  135*  £. 
J  Calculated  according  to  the  formula  x*n>— 7.27  ywo  +38k™.  where  *  is  the  epiccutral 
distance  and  y  is  the  duration  of  the  total  preliminary  tremor. 
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the  respective  microscismographs.  The  instrumental  constants 
arc :  — 


It  will  be  observed  that  the  preliminary  tremor  was  suddenly 
followed  by  the  maximum  vibration,  the  two  displacements  of  the 
latter  being  as  follows:  — 

1st.  motion  =  3.1  nun,  towards  S70*E  ;  ' 

•2nd     „     =»").0   „    (maximum),  towards  NGo'vY. 

Thus  the  veiy  first  displacement  of  tin-  principal  portion  took 
plaee  approximately  towards  the  earthquake  origin,  while  the 
counter,  or  maximum,  displacement  was  directed  away  from  the 
latter.  The  vibration  in  question  belongs  evidently  to  the  "longi- 
tudinal wave/'  its  mean  direction  of  SOT  E — NG7C\Y  being  not. 
much  different  from  the  epicentral  direction  from  Tokyo.  For  the 
next  lm  20\  the  motion  remained  active,  the  total  duration  being 
about  20  min.  The  comparative  shortness  of  the  duration,  in 
spite  of  the  large  amplitude  of  the  principal  vibration,  is  the 
characteristic  of  a  local  shock. 

For  the  sake  of  comparison,  I  give  in  Fig.  4  (PI.  XEY)  the 
EW  component  diagram  of  the  moderate  earthquake  of  June  23, 
11)02,  at  7h  42"'  42'  a.m.,  recorded  at  Hong"  by  the  same  instru- 
ment as  in  Fig.  2.  It  will  be  observed  that  Figs.  2  ami  4  are 
almost  perfectly  identical  to  one  another;  the  two  displacements 
composing  the  maximum  vibration  at  the  commencement  of  the 
principal  portion  of  the  earthquake  here  considered  being  respec- 
tively 5.7  mm  towards  E,  and  7.0  mm  towards  \V. 

Figs.  0,  7.  8,  and  0  (PI.  XLVI)  are  the  EW  component 


EW  

Vertical 

TS  S   


Multiplication  =  10  ;  Pendulum  pcriod=2S  sec. 


=  30;  =48.5 
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diagrams  of  the  earthquake  (June  11,  H>07)  furnished  by  horizon- 
tal pendulums,  as  follows:  — 

Figs.  G  ..Ilongo  (Tokyo).  Multiplication  =  33  ;  Feululuni  p3riol  =  4l.5  s;;. 

Figs.  7   (    ,.    )  „  =15;  „    »         =61.5  „ 

Figs.  8...Hitotaubashi(    ,.)       „  =10;  „  =  31.1  „ 

Figs.  <»  ..Mito.  „  =•*);  „  =28.8  „ 

4.  MacrosetemoKraph  Records.  Fig.  10,  PI.  XLVII,  is 
the  record  furnished  by  a  <jray  Milne  typo  macros  ^ sinograph,  set 
up  in  the  Seismological  Institute,  the  magnification  of  the  E\V, 
NS  and  vertical  components  being  respectively  .3,  3,  and  8.  The 
numerals,  1,  2,  3,  and  4,  indicate  corresponding  epochs  in  the 
three  components.  The  duration  was  in  this  case,  about  6  min. 
The  large  movement  at  the  commencement  of  the  principal 
portion  was  as  follows:  — 

Resultant  hor.  motion =6.8  min.,  towanl-s  N50eW. 

Vortical  motion         =0.8  mm  upwards. 

This  result  is  nearly  similar  to  that  indicated  by  the  niicroseis- 
mographs  (§3).  Only  the  first  displacement,  corresponding  to  a 
single  amplitude,  is  here  very  imperfectly  shown,  on  accouut  of 
the  length  of  its  period  and  the  friction  of  the  instrument.  The 
subsequent  and  principal  macro-seismic  vibrations*  were  as 
follows:  — 

Max  -2a  =  1.6  mm,  T=1.6  sec. 

The  period  of  the  "  ripples,"  or  small  sharp  vibrations,  was 
0.20  sec. 

Fig.  11  (Fl.  XLVII  I),  is  the  macroseismographic  record 
obtained  at  Hitotsubashi  (Tokyo),  the  EW,  NS,  and  vertical 
-components  being  multiplied  3,  4,  and  2  times,  respectively. 

•  /"  .in  I  -><i  deootfl  aa  is  nl  Xhi  o  >  nphte  peril  \  ia  I  th-s  .liuMo  umplitu  k\  re»p*etively. 
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TIig  numerals,  1,  2,  3,  ami  4,  indicate  corresponding  epochs  in 
tho  three  component-?.  It  will  be  observed  that  the  movements 
of  the  macroscismic  character  at  Hitotsubashi  is  more  regular  and 
much  greater  than  at  Ilongo;  this  being  the  consequence  of  tho 
extreme  softness  of  the  ground  at  the  former  place. 

5.   Tiitoim'ter  Kocords.    The  following  is  the  principle  of 

the  experiments  made  to  test  the 
existence    or  non-existence  of 
(I)  tilting  in  the  ordinary  or  macro- 

seismic  motion,  which  I  have 
carried  on  sinco  1897  at  the  Seis- 

 '  A       mological  institute.  Asdiagram- 

matically  shown  in  the  aecom- 
panying  figure,  let  there  be  three 
horizontal  pendulum.?,  I.  II,  and 
III,  in  which  C\  C",  C'are  the 
heavy  bob*;  B'C\  B"C",  B'"(T" 

"  the  ties;  A'C,  A"C",  A"'C"'the 

struts;  and  CD',  C"D"f  C"D" 
the  writing  pointers;  the  lengths 
A'l>'  and  A"D"  being  equal  to 


t  W 


u 


,M, 


/ 


one  another.    Further,  let  the 


fJ-  <■  two  pendulums,  I  and  II,  havo 

a  common  angle  (=y)  of  inclina- 
tion of  the  pendulum  axis  to  the  vertical,  the  ratios  of  nmltiplica- 
A'C  \"C" 

tion  -77777- and  being  unequal ;  while  the  two  pendulums, 

A'C  A'C" 

I  and  III,  have  equal  ratios  of  multiplication,  -^-jy-  and  Q^frm 
but  unequal  angels  of  inclination  of  the  pendulum  axes,  f  and  *?'■ 
The  three  pendulums  are  placed  with  their  planes  parallel  to  one 
another.    Thus  the  first  two  pendulums  would  have  an  equal 
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sensibility  for  a  tilting  motion,  but  different  magnifications  for  a 
horizontal  motion;  while  the  first  and  third  pendulums  have  an 
equal  magnification  for  a  horizontal  motion,  but  different  sensibili- 
ties for  a  tilting  motion. 

Fig.  12  (PI.  XL1X)  is  the  record  of  the  E\V  component 
motion  obtained  on  the  occasion  of  the  earthquake  of  June  11, 
1007,  by  one  of  the  machines  composed,  according  to  the  principle 
above  explained,  of  the  three  pendulums  A,  li,  and  C,  the  in- 
strumental constants  being  as  follows:  — 


Pendulum. 

Length  of 
Strit. 

Total  length 
of  Strut  ami 
IViutor. 

Multiph- 

cationtfor 

Hor. 
Motion.) 

T, 

T 

A 

cm 
12 

CtlJ 

AS 

4 

SCv. 

0.70 

sec. 
4.30 

V, 

7 

4S 

i  7 

o.r.l 

a.3i 

f  "  =  V'-i 

c 

7  2s 

4 

2.50 

In  the  above  table  T„  and  T  denote  respectively  the  complete 
period  of  vibration  of  each  pendulum  when  suspended  vertically 
and  when  actually  set  up  as  a  horizontal  pendulum.  The  dis- 
placement of  the  writing  index  of  the  pointer  corresponding  to  a 
tilting  a  is,  in  each  case,  given  by  the  formula. 

y  (sensibility)=/  x  '*  . 

From  the  adjustments  of  the  three  pendulums  as  given  in  the 
above  table,  we  arrive  at  the  following  relations:  — 

tp  (for  C')=1.74  c  (for  A  and  If). 

y  (for  A  and  Jt)  =  3;-  (for  €). 

Thus  the  two  pendulums  A  and  /»'  ought  to  give,  for  a  tilting 
of  the  ground,  a  record  three  times  larger  than  the  pendulum  C; 
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while  each  of  the  two  pendulums  J  and  gives,  for  the  horizontal 
motion,  a  record  equal  to  4/7  of  that  of  the  pendulum  Ii. 

Although  different  amounts  of  the  friction  in  the  three 
pendulums  evidently  interfered  to  some  extent  with  the  accuracy 
of  the  records,  l'l.  XLIX  indicates,  as  well  as  the  diagrams  obtain- 
ed on  other  occasions,  that  the  tilting  element  in  the  ordinary 
earthquake  motion  is,  if  any,  very  slight  in  amount.* 


Tho  First  Report  on  this  .•xporitn.-mt  was  publish.- 1  in  X  >.  Ai  of  tho  Japanese  11 -p  »  u  of  tho 
Imp.  Earthquake  In  v.  Comm.  (!»)). 
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Fig.  1.    Earthquake  of  Jane  11,  1907. 


(X)  Rqke  Origin. 

(I)   Boundary  of  Area  of  Sensible  Motion. 

(II)    ..  .,       ..  Strong  or  Moderate  Motion. 


Ki.V  i.W  i  i.js  ]:,.>  lf„" 
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Figs.  2,  3,  and  4.    Earthquake  of  June  11, 1907.    Observed  at  Hongo,  Tokyo. 
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Fig.  2.    EW  Component :    Multiplication  =  10. 
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Fig.  3.    Vertical  Component :    Multiplications  12. 


iii        iii  i 

Fig.  4.    NS  Component:    Multiplication =20. 


Fig.  5.  EW  Component  of  Earthquake  of  June  23,  1902. 
Observed  at  HongO,  Tokyo.    Multiplications  10. 
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Horizontal  Pendalam  Diagrams  of  Eqke  of  June  11,  1907. 


Fig.  6.    EW  Component,  HoDgO. 
Multiplication =30. 
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On  Micro-tremors. 

By 

F.  Omori,  Sr.  IK, 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

With  Pis.  I-III. 


Introfluction.  The  non-seismic  vibrations  of  the  ground  culled 
'*  pulsatory  oscillations "  are  small  slow  movements  with  periods 
generally  of  about  4  or  about  8  sec.,  possibly  all  over  the  world. 
These  oscillations,  which  are  most  markedly  shown  at  Tokyo, 
Osaka,  and  other  places  situated  on  an  extensive  plane  of  new 
formation,  and  also  probably  at  mid-ocean  islands*,  have  some- 
times a  double  amplitude  of  0.5  mm  or  more.  What  I  propose 
here  to  term  micro-tremors  are  those  insensible  movements  of  the 
ground,  whose  period  is  usually  less  than  1  sec,  and  whose  am- 
plitude is  much  smaller  than  that  of  the  pulsatory  oscillations.  In 
short,  the  micro-tremors  are,  whatever  their  origin  may  be,  ex- 
tremely minute  vibrations  of  a  nature  similar  to  that  of  the 
movements  composing  the  macro-seismic,  or  sensible,  part  of  the 
earthquake  motion  proceeding  from  a  near  centre  of  disturbance. 

The  diagrams  furnished  by  Omori  horizontal  tremor  recorders 
and  tiomometersj,  of  00  to  300  times  magnifications,  set  up  in 


•  Ah  shmvn  by  the  Omori  Hot.  Perwl.  Tromometer  observation  at  the  meteorological  olmor- 
vntory  of  Hruhijo-jimn,  nn  islnn<l  lielonpinR  to  the  Ftiji  volcanic  chain. 

I  These  instruments  nre  improve*!  f.irms  of  thr*e,«le*cribe<l  in  the  /VWir/r/ion*.  No.  18,  tim\ 
the  Bulletin,  Vol.  I,  No.  4. 
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Osaka  and  Tokyo  indicate  the  micro-tremors  often  quite  distinctly. 
For  the  sake  of  clearness,  however,  some  photographic  enlarge- 
ments of  the  original  records  are  reproduced  in  Pis.  I  to  III.  I 
give  next  the  results  of  some  preliminary  investigations  on  micro- 
tremors. 

Observation  at  Hitot»ubashi  {Tokyo).  The  observation  at 
Ilitotsubashi  was  made  with  a  horizontal  pendulum  tromometer 
of  100  times  magnification.  Tho  maximum  double  amplitude  in 
the  EW  component  was  about  0.0015  mm,  the  average  periods' 
each  deduced  from  100  consecutive  vibrations,  being  as  follows  :— 


Date  (1907). 

Average  Period  (EW  Component). 

July 

5-6 

0.80  sec.  ' 

II 

»» 

0.91 

•  1 

ii 

1.01 

♦ 

Oct. 

29-30 

0.84 

»• 
»» 

30-31 
ii 

0.83 
0.82 

>  Mean,  0.83  sec. 

Nor. 

22-23 

0.77 

ii 

!♦ 

0.88 

ii 

28-29 

0.60 

>> 

*> 

\ 

0.82 

Tho  mean  period  of  micro-tremors  at  Ilitotsubashi  is  thus 
seen  to  be  0.83  sec.  To  compare  these  tremors  with  the  quick 
vibrations  actually  occurring  in  an  earthquake,  I  give  in  PI.  I  a 
part  of  the  tromometer  record  for  July  5  and  0,  1907,  which  was 
photographically  enlarged  8  times  and  thus  magnifies  800  times 
the  movements  of  the  ground,  with  a  timo  scale  of  107.4  mm  for 
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1  minute.  The  seismic  disturbance  shown  in  the  diagram  consists 
of  the  preliminary  tremor  and  the  earlier  part  of  the  principal 
portion  of  the  earthquake  of  July  ('»,  15)07,  which  originated  under 
the  sea  about  900  km  to  the  XE  of  Tokyo  and  was  felt  strongly 
at  the  coast  of  Nemuio  and  Ktishiro  (Hokkaido).  In  Tokyo,  the 
shock  was  slight,  and  the  total  duration  about  2  hours,  the  time 
of  occurrence  being  Oh  48m  07s  A.M.  According  to  PI.  I,  the 
quick  vibrations  in  the  preliminary  tremor,  which  lasted  90.0  sec. 
(the  commencement  is  marked  a),  were  as  follows*  : — 

Average  T—  0.77  sec,    Max.  2a= 0.074  mm. 

The  active  vibrations  at  the  commencement  (marked  b)t  of  the 
principal  portion  was  as  follows  : — 

Average  7'=  0.88  sec,    Max.  *Ja=0.36  mm. 

Thus  the  mean  period  of  the  macro-seismic  movements  was  in 
this  case  about  0.83  sec,  which  happens  to  be  identical  with  tho 
average  period  of  the  micro-tremors  (at  Hitotsubashi)  as  given 
in  the  foregoing  table.  Especially,  the  larger  and  slower  ones  of 
these  tremors,  as  those  marked  c  and  /  (PI.  I),  will  bo  seen  to 
be  similar  in  nature  to  the  prominent  vibrations  occurring  in  the 
principal  portion  (£>)  of  the  earthquake.  Finally,  for  the  sake  of 
reforence,  I  may  state  that,  according  to  the  result  of  the  macro- 
seismic  measurement  in  TokyoJ,  the  average  period  at  Hitotsu- 
bashi was  found  to  be  0.77  sec,  this  characterizing  the  ordinary 
earthquake  vibrations.  Tho  period  of  strong  shocks  at  the  samo 
place  is  a  little  longer  and  equal  to  0.9  to  1.0  sec. 

Observation  at  llongo  {Tokyo),  The  micro-tremors  at  Hon- 
go  are  probably  somewhat  smaller  than  those  at  Hitotsubashi, 

•  T  ami  la  denoting  ob  usual  the  complete  period  and  tho  double  amplitude,  respectively. 
\  The  "  Publications,"  No.  11,  p.p.  51  and  52. 
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the  max.  2a  in  the  EW  component  l>eing  about  0.0011  mm.  l'l.  11 
is  a  part  of  the  diagram  for  Jan.  23,  1908,  furnished  by  an  EW 
componont  horizontal  tremor-recorder  with  an  original  pointer 
multiplication  of  300  times,  enlarged  photographically  8  times, 
the  resultant  magnification  being  thus  equal  to  2,400,  with  a  time 
scale  of  835  mm  for  one  minute.  The  average  periods  of  the 
micro-tremors  each  deduced  from  200  consecutive  vibrations,  were 
as  follows  :— 


Date  (1908). 

Average  Period  (EW  ('ompoueut). 

Jan.  20-21 

0.28  sec. 

22-23 

0.28 

24-25 

0.28 

0.32 

0.29  sec. 

The  mean  value  of  the  period  of  the  micro- tremors  was  in 
these  cases  0.2'J  sec,  which  is  not  much  different  from  thoso  of 
the  quick  vibrations  and  ripples  occurring  at  Hongo  in  actual 
earthquakes.  Thus,  according  to  the  macro-seismic  measurement 
at  Hongo",  we  have  the  following  results  : — 

Average  period  of  max.  quick  horizontal  vibrations =0.2<J  sec. 
„  superposed  horizontal  ripples      =0.20  „ 

max.  quick  vertical  vibrations    =0.25  „ 

Observation  at  Osaka.  The  horizontal  tremor- recorder  with 
a  multiplication  of  1)0  times,  at  the  Osaka  Meteorological  Ob- 
servatory (Director,  Mr.  X.  Shimono,)  indicates  micro-tremors 
much  more  distinctly  than  in  Tokyo,  the  max.  2a's  in  the  EW 

«  Sue  the  raWbathni,  No.  11.  p*..  53-55. 
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and  XS  components  being  each  about  0.008  mm.  PI.  Ill  is  a 
part  of  tho  record  for  Dec.  28,  1907,  enlarged  photograpliically 
7.8  times,  so  that  the  resultant  magnification  is  about  700  times. 
The  average  period  of  micro- tremors  was  as  follows :— 


Date  (1907). 

Average  Period*. 

K\V  Component. 

XS  Component. 

Nov.  18-19 

0.81  HOC. 

(100) 

0.90  sec-.  (100) 

•>  »> 

0.88 

(100) 

0.95  (100) 

„  21-22 

0.77 

(100) 

0.88  (100) 

»  »» 

0.80 

(100) 

0.84  (100) 

Dec.  20-21 

0.74 

(200) 

0.87  (200) 

n  21-22 

0.08 

(200) 

0.89  (200) 

22-23 

0.74 

(200) 

0.84  (200) 

0.76 

0.88 

The  average  period  of  the  micro-tremors  obtained  by  taking 
the  mean  from  the  two  horizontal  components  is  0.82  sec.  In 
this  connection  it  is  interesting  to  note  that  tho  ordinary  seis- 
mograph observation  at  the  same  observatory  of  the  vibrations 
caused  by  a  powder  explosion  at  a  distance  of  5  km  in  one  of 
tho  suburbs  of  Osaka  indicated  also  similar  periods,  as  followsf  : — 

Vertical  motion  \ver.  jT=0.75  sec.  (Max.  2«=0.40  mm) ; 

EW  „  ....  „  =0.83  „  (  „  =0.48  „  ); 
NS        H     •  •  ••        „    =0-82    „    (  „        =0.24    „  ); 

the  mean  value  of  the  period  of  the  horizontal  motion  being  thus 


*  The  number*  of  cotibevntivu  vibrations,  from  which  the  uvemge  period  was  <loduce»l  in 
in  Mich  case  indicated  by  tho  figure*  100  or  '200,  cnckaicd  within  bmckets. 

t  An  account  of  the  vibmtiona  cnunod  by  the  powder  explosion  nt  Fuku-niuni,  near  Osaka, 
i«  given  by  the  prelum  author  iu  the  Report*  (Japanese)  of  the  Imp.  liirthquidte  Inv.  Comm., 
No.  57. 
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0.82  sec.  In  the  cases  of  the  strong  Inland  Sea  earthquake  of 
June  2,  1905,  and  two  of  its  after-shocks,  the  period  of  the 
maximum  horizontal  motion  at  Osaka  was  about  1.0  sec. 

Conclusion.  The  micro-tremors  at  Tokyo  and  Osaka  seem 
to  occur  chiefly  during  the  day  time,  and  may  be  due  to  traffic 
and  other  artificial  causes,  and  also  to  the  impact  of  winds  against 
the  ground.  At  any  rate,  however,  their  periods  seem  to  be 
nearly  identical  with  those  of  the  ordinary  sensible,  or  macro- 
seismic,  vibrations  at  the  respective  places  of  observation,  just  as 
the  period  of  the  pulsatory  oscillations  are  found  to  bo  similar 
to  some  component  movements  occurring  in  actual  earthquakes. 
It  is  needless  to  remark  that  both  pulsatory  oscillations  and  micro- 

* 

tremors  form  interesting  subjects  of  study,  especially  in  connection 
with  local  earthquakes. 

Tokyo.       Jan.,  1908. 
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Note  on  the  Tokyo  Earthquake  of  Nov.  22,  1907. 

F.  Omori,  Sc.  !>., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 


With  Pis.  IV-VI. 


The  earthquake  of  Nov.  22,  1007,  at  2h  17m  A.M.,  was  one 
of  the  strongest  felt  in  Tokyo  since  the  semi -destructive  shock 
of  June  20,  1894.  The  disturbance,  which  caused  no  damage, 
was  a  local  one,  and  the  severity  of  motion  in  Tokyo  was  partly 
due  to  the  proximity  of  the  latter  to  the  earthquake  origin.  The 
total  duration  of  the  records  furnished  by  the  teleseismographs 
in  Tokyo  was  only  24  min.,  while  that  in  Kobe,  where  the  shock 
was  insensible,  was  12  min. 

Area  of  disturbance.  As  shown  in  Fig.  1  (PI.  IV),  the 
earthquake  was  sensible  within  a  land  area  alxnit  75  km  in 
length  and  300  km  in  width.  The  area  of  moderate  motion  was 
nearly  circular,  with  a  mean  diameter  of  about  320  km.  Again, 
the  area  of  strong  motion  is  a  small  ellipse  in  the  NW-SE 
direction,  whose  major  and  minor  axes  are  respectively  about 
130  and  85  km.  in  length.  It  may  Ikj  remarked  that  the 
south-eastern  half  of  this  mcizoseismal  ellipse  coincides  with  the 
alluvial  plain  of  Mnsashi,  where  the  motion  is  much  intensified 
owing  to  the  softness  of  the  ground ;  the  centre  of  the  ellipse 
not  necessarily  corresponding  to  the  real  earthquake  epicentre. 
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Tho  position  of  the  latter  seems  in  fact  to  bo  mnch  eccentric  and 
near  the  north-western  end  of  the  major  axis,  as  considered  in 
the  next  §. 

J>nration  of  preliminary  tremor  and  jtosition  of  epi- 
centre. The  durations  of  the  preliminary  tremor  observed 
instrnmentally  at  Tokyo  and  7  other  stations  were  ns  given  in  the 
following  table. 


Name  of  Station. 

Latitude. 

Longitude. 

Duration  of  the 
total  preliminary 
tremor. 

Calculated 
epiceutral 
distance. 

(i)  Tokyo. 

35°43'  N 

139°40'  E 

sec. 
7.5 

km. 
92 

Mito. 

3(5  23 

140  28 

10.0 

110 

Tsukubi. 

30  13 

140  00 

10.0 

110 

10.0 
50.0 

110 

400 

J  Mivako. 

39  38 

141  f,9 

(  Ishinomaki. 

38  20 

141  19 

42.5 

347 

i  •  •  • 

Mil 

40.3 
21.8 

374 
197 

(iv)  Nagano. 

30  40 

138  10 

Kol)o. 

34  41 

135  11 

48.0 

391 

(  Osaka. 

34  42 

135  31 

50.0 

400 

49.3 

396 

Tho  duration  of  the  preliminary  tremor  has  been  determined 
in  the  usual  way  from  the  different  seismograms,  with  the  excep- 
tion of  those  obtained  in  Tokyo.  The  phase  in  question  for  the 
latter  placo  has  been  taken  in  regard  to  the  vibrations  of  macro- 
seismic  nature. 
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The  figures  in  the  last  column  of  the  abovo  table  have  been 
calculated  by  the  formula,  .rkm=7.27  y  see. +  38,  in  which  a:  and 
y  are  respectively  the  epicentral  distance  and  tho  duration  of  the 
preliminary  tremor.  Drawing  on  the  map  (Fig.  1)  five  circles 
with  radii  equal  to  the  calculated  distances  of  (i)  to  (v)  about 
tho  respective  positions  as  centres,  we  see  that  four  of  these  meet 
near  one  another  in  the  southern  part  of  the  province  of  Kotsuke. 
The  probable  position  of  the  epicentre,  indicated  in  tho  figure  by 
a  small  cross  ( x ),  is  situated  in  the  northern  part  of  the  province 
of  Musashi,  namely,  at  about  latitude  3G5^  N,  and  longitude  139;$ 
E,  at  a  distance  of  about  55  km  to  the  north-west  of  Tokyo. 

Observation  in  Tokyo,  Time  of  Occurrence  =  2h  17m 
35s  A.M. 

Initial  slow  displacement.  The  soismograras  furnished  by  tho 
long-period  horizontal  pendulum  instruments  in  Tokyo,  three  of 
wliich  are  reproduced  in  PI.  VI,  are  interesting  in  showing  ap- 
parently no  preliminary  tremor,  but  beginning  at  once  with  a 
large  slow  vibration  of  period  of  about  7.5  sec,  followed  by  a 
number  of  the  proper  pendulum  oscillations.  The  initial  displace- 
ments in  the  E\V  and  NS  directions,  moaned  from  the  different 
diagrams,  are  as  follows  :— 

Motion  toward  East  =  3.3  mm. 

„         „    North  =  3.2  „ 
Resultant  displacement  =  4.6  mm  ;  Direction,  N  46°  E. 

Thus  it  will  be  observed  that  the  direction  of  tho  initial  (slow) 
motion  was  in  this  ense  approximately  perpendicular  to  the  line 
joining  Tokyo  with  the  earthquake  origin,  the  vibration  probably 
belonging  to  the  category  of  the  transverse  wave*.    A  circumstance, 

•  See  also  an  or«mnt  of  the  enrtliqnnkt-  of  Jan.  21.  1906,  which  originated  off  the  flontb- 
enrtero  court  of  the  Main  Man.l.   The  Bulletin,  Vol.  I,»p.  145. 
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which  gives  support  to  this  latter  supposition,  is  that  the  horizontal 
pendulum  diagrams  obtained  at  the  other  stations,  whose  epicentral 
distances  were  greater  than  that  of  Tokyo,  showed  no  distinct 
slow  vibration  at  the  commencement,  the  preliminary  tremor  being 
generally  well  marked,  due  possibly  to  the  slower  transit  rate  and 
the  consequent  retardation  of  the  transverse  wave.  The  total 
duration  of  the  earthquake  motion  in  Tokyo  was  24  min. 

The  results  of  studies  on  the  nature  of  the  vibrations  occurring 
at  the  commencement  of  an  earthquake,  observed  near  the  origin 
of  disturbance,  will  be  published  in  the  Bulletin  from  time  to 
time,  a  general  discussion  on  this  subject  being  reserved  for  a 
future  occasion. 

Macrosetsmonrnph  record  obtained  at  Jlitotaubashi 
iTokyo).  Fig.  2  (PI.  V)  gives  the  preliminary  tremor  and  the 
earlier  and  most  active  part  of  the  principal  portion  of  the  earth- 
quake motion  as  recorded  by  an  ordinary  Gray-Ewing-Milne  type 
seismograph,  which  magnifies  the  EW,  NS,  and  vertical  com- 
ponents 3,  4,  and  2  times  respectively.  It  will  be  observed  that 
in  this  macro-seismogram,  which  does  not  show  the  slow  vibra- 
tions existing  in  the  earthquake  motion,  the  preliminary  tremor 
is  well  defined,  the  principal  portion  beginning  with  conspicuous 
movements  of  large  amplitude.  In  the  following  description  of  the 
scismogram,  the  complete  period  and  the  range  of  motion  (double 
amplitude)  are  denoted  by  the  symbols  T  and  2a  respectively. 

Horizontal  Motlo;:. 

The  motion  was  sensible  for  about  2  min. 

Preliminary  tremor.    The  movements  were  as  follows  : — 

(NS)    T  =  0.85  sw.,    Max.  2a  =  1.00  mm. 
(EW)  7*=  0.82    „      Max.  2a  =  0.73  „ 
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Principal  portion.  The  motion  was  about  3  times  greater  in 
the  NS  tlian  in  the  E\Y  component,  this  being  contrary  to  what 
is  usually  the  case  with  strong  Tokyo  earthquakes,  in  which  the 
EW  component  greatly  predominates.  For  the  first  2.3  sec,  the 
vibrations  were  comparatively  small  and  principally  in  the  XS 
component  :— 

(XS)    T  =  1.04  sec,    Max.  2a  =  9.5  miu. 

(EW;  T  =  0.17  Max.  %i  =  1.3    „  (ripples). 

Then  the  motion  became  much  larger,  there  being  4  displacements 
(marked,  in  Fig.  2,  respectively  cd,  de,  ef,  and  fg)  composing  2 
vibrations  as  follows  :— 


1st  displacement . 
2ikI  „ 


( 

'3rd  (Max.)  ,  ] 


fll.3  una  toward  N,  4.5  mm  towanl  W ; 
liesultaiit  2u  ^  12.3  mm,  toward  X22CW. 

10.3  mm  toward  S,  5.3  mm  toward  E ; 
Kesultant  2«  =  170  mm,  towanl  S18°E. 

22.0  mm  toward  N,  7.7  mm  towanl  W  ; 
Kosultaut  2«  =  23.3  mui,  towanl  N19°\V. 

9.3  mm  toward  S,  7.3  mm  toVard  E; 


I 


1 


4  th  „ 

IRcsultaiit  2«  =  11.8  mm,  towanl  S38°E. 

The  above  4  displacements,  together  lasting  2.0  sec.,  constituted 
the  most  active  part  of  the  earthquake  ;  the  2nd  and  3rd  dis- 
placements forming  the  maximum  vibration  of  2«  —  23.3  mm,  and 
period  —  0.95  sec.,  whose  maximum  acceleration  was  510  mm  per 
sec.  1X51-  sec.  As  the  mean  direction  of  motion  was  N24  W-S24  E, 
these  movements  took  place  approximately  parallel  to  the  line 
joining  the  earthquake  origin  with  the  observing  place  and  arc  due 
probably  to  the  longitudinal  wave.  The  subsequent  motion  was 
smaller,  but  continued  active  for  about  lm  12s,  the  period  being 
as  follows  : — 


Digitized  by  Google 


12 


F.  Omori :  Tokyo  Earthquake  at  Nov.  22.  1907. 


average,  0.80  sec. 


Vertical  Motion. 


Preliminary  tremor.    The  motion  was  very  small. 

Principal  portion.  The  motion  which  was  small  during  the 
first  3.5  see.,  was  active  during  the  next  18  sec,  and  consisted 
of  the  following  vibrations  : — T  =  0.47  sec,  Max.  2a  =  1.3  mm. 

Observation  at  Hongo  (Tokyo),  The  maximum  macro-seismic 
motion  at  Hongo  was  2a  =  10.4  mm,  T  =0.7  sec,  nearly  in  the 
NS  direction. 
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Fig.  1.   Tokyo  Earthquake  of  Nov.  22,  1907. 

I.  II  ami  III  »m  respectively  the  bounduries  of  the 
urea*  cif  Myht,  iw*icrat»,  and  ttrong  movement*. 

Art*  in  red  are  drawn  about  the  different  places  as  centres  with 
radii  calculated  from  tlte  duration  >f  the  preliminary  tremor. 
ix)  Probable  Position  of  tbe  Earthquake  Origin. 
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Vertical  Component,  2  times. 
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Horizontal  Pendulum  Record  obtained 
at  Mito  during  a  Storm. 

By 

F.  Oniori.  Sc,  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 


With  Pis.  VII  to  IX. 


Instances  of  remarkable  inclination  of  the  ground  observed  in 
Tokyo  during  a  storm  have  been  described  in  the  Publications, 
Xo.  21,  and  the  Bulletin,  VoL  I,  No.  4.  The  present  note  gives 
an  account  of  a  similar  case  of  the  tilting  recorded  on  March  23, 
1907,  at  the  meteorological  observatory  of  Mito  (f =36c23'  X ;  ;= 
140c28'  E),  with  the  XS  component  Omori  horizontal  pendulum, 
whose  recording  cylinder  made  one  revolution  in  24  hours,  and 
whoso  instrumental  constants  were  as  follows  : — 

Pendulum  period,  when  suspended  vertically  =  2\= 1.74  sec. 
Period  of  Horizontal  Pendulum  actually  set  up=  7=32  sec. 
Multiplication  ratio  of  the  pointer  =n= 20. 

Displacement*  of  the  writing  index  corresponding  to  the  tilting  of  1" 

T1 

=  r—L  x  n  x  sin  1"  x  ^3=24.57  mm. 

Fig.  1.  (PI.  VII)  gives  the  tiltometer  record  in  question  between 
10  a.m.  and  5  p.m.,  on  the  23rd. 


•  In  the  Bulletin."  No.  4,  r  haa  by  mistake  been  defined  08  the  angle  of  tilting  equivalent 
to  1  mm  displacement  ot  the  writing  index. 
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Storm*  on  22-24,  March,  1007.  From  Fig.  2  (PI.  VIII)*, 
which  shows  the  condition  of  the  weather  at  0  a.m.  on  March 
23rd,  PJ07,  it  will  be  observed  that  there  existed  simultaneously 
two  cyclones,  (1)  and  (11),  whose  tracks  were  parallel  to  the 
general  course  of  the  Islands,  and  were  over  the  Pacific  Ocean 
and  the  Japan  Sea  respectively.  The  cyclone  (I)  appeared  on  the 
21st  off  the  south-eastern  coast  of  Formosa,  progressed  toward 
north-east,  and  approached  the  south-eastern  coast  of  the  Main 
Island  about  the  noon  of  the  23rd.  The  other  cyclone,  (II),  which 
originated  on  the  20th  at  the  Yantzse  Valley,  China,  passed 
through  the  Tsushima  .Strait  and  approached  on  the  24th  the 
western  coast  of  Hokkaido.  Both  of  these  cyclones,  which  were 
at  first  shallow,  rapidly  increased  in  intensity  with  their  eastward 
movement,  the  storm  already  extending  over  the  whole  of  the 
Main  Island  on  the  afternoon  of  the  22nd.  When  the  centre  of 
the  depression  (1)  approached  on  the  23rd  the  peninsula  of  Awa 
and  Kazusa,  the  minimum  barometric  pressure  of  714  mm  was 
recorded  at  Choshi  (<p=35  44' N,  j=140':55' E)  at  1  p.m.  The 
minimum  pressure  at  Mito  was  745.8  mm  at  I  p.m.  On  the 
Japan  Sea  side,  the  minimum  pressure,  due  to  the  cyclone  (II), 
was  749.9  mm  and  was  observed  at  Suttsu  (province  of  Iburi, 
Hokkaido),  at  9  p.m.,  on  the  23rd. 

Tilting  of  the  around.  A  marked  southward  inclination 
began  to  set  in  about  Oh  30m  p.m. ;  the  displacement  of  the  re- 
cording index  of  the  instrument  in  that  direction  being  92  mm  on 
record,  which  corresponds  to  a  level  inclination  of  3.7".  This 
tilting  was  accomplished  in  the  time  interval  of  about  lh  50m, 
the  extreme  southward  inclination  having  been  reached  at  2h  20m 


*  The  went  her  amp  in  rcimxluccd  from  the  March  (l'J07)  number  of  the  "  Kisho  Voran," 
published  by  the  Central  Meteorological  Observutory. 
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p.m.     Thereafter  the  northward  inclination  began  to  set  in. 

Thus  it  will  l>e  observed  that  the  commencement  of  the 
sudden  southward  tilting  was  at  alxmt  30  min.  before  the  epoch 
of  the  minimum  barometric  pressure  at  Choshi  and  Mito ;  the 
passage  of  the  centre  of  cyclone  producing,  as  in  the  case  of  the 
storm  on  Oct.  10th  and  11th,  1904,  not  an  elevation  but  the 
depression  of  the  ground.  This  is  probably  due  to  the  fact  that 
the  deep  barometric  cyclone  was  accompanied,  or  rather  followed, 
by  an  increase  of  the  height  of  sea  water,  to  an  amount  greater 
than  the  equivalent  of  the  barometric  fall,  as  explained  in 
the  next  §. 

Mareogram  at  Choshi.  Fig.  3  (PI.  IX)  is  a  reproduction 
of  the  tide  gauge  diagram  obtained  on  March  22nd  and  23rd, 
1907,  at  Choshi  (province  of  Shimosa),  which  place  is  situated 
at  the  month  of  the  River  Tone,  near  Cape  Inuboe,  at  a  distance 
of  about  80  km  to  the  SES  of  Mito*.  The  disturbances  of  the 
water,  consisting  in  the  secondary  undulations  proper  to  the 
coast  of  observation  began  to  become  marked  from  about  44  a.m. 
on  the  23rd,  continuing  to  increase  till  midnight  of  the  same 
day.  The  level  of  the  sea  also  began  to  rise,  the  greatest  limit 
being  reached  at  al>out  2  p.m.  to  a  few  minutes  after  3  p.m., 
when  the  water  thus  abnormally  accumulated  was  al>out  2.J 
shaku  (  =  75.8  em)  higher  than  the  level  according  to  the  usual 
tide  movement,  and  1.12  shaku  (=34.0  cm)  than  the  highest 
water  during  the  preceding  day.  The  time  of  the  greatest  water 
accumulation  at  Choshi  thus  nearly  coincided  with  the  moment 
of  the  maximum  southward  tilting  at  Mito.  The  difference  of 
the  highest  mean  level  at  about  3  p.m.  (23rd)  over  that  of  the 

•  For  "the  copy  of  the  mareogmm  I  nm  indebted  to  Prof.  Dr.  T.  Korulo  of  tho  Interior 
Department. 
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mean  low  water  occurring  about  3  honrs  earlier  is  some  1.45 
shaku  (=44  cm),  which  may  }ye  taken  as  the  differential  increase 
of  the  height  of  the  sea  level  near  the  position  of  the  cyclone 
over  that  in  the  neighbouring  portions  of  the  ocean.  As  the 
difference  of  the  barometric  pressure  at  the  minimum  centre  and 
the  coast  near  it  was  probably  about  10  mm,  or  about  14  cm  of 
water  column,  we  see  that  the  resultant  relative  pressure  at  the 
ocean  bottom  immediately  after  the  passage  of  the  cyclone  centre 
is  increased  by  an  accumulation  of  water  nearly  30  cm  in  height, 
extended  over  the  sea  surface  of  no  insignificant  dimension.  This 
probably  accounts  for  the  tilting  of  the  ground  toward  the  centre 
of  barometric  depression,  when  the  path  of  the  latter  is  over 
the  Pacific. 
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Fig.  2.    Weather  Map.    March  23,  1907;  6  A.M. 

The  dotted  linee  (I)  and  (II)  give  the  paths  of  the 
two  cyclone  centres,  whose  positions  at  6  A.M.  of  the 
successive  days  are  each  indicated  by  a  small  cross  ( x  ). 
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Note  on  the  Anmml  Variation  of  Seismic 
Frequency  in  Tokyo  and  Kyoto. 

By 

F.  Oniori,  Sc.  D„ 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

With  PI.  X. 


Introductory,  As  pointed  out  in  a  discussion  of  the 
seismic  activity  for  Japan,  taken  as  a  whole,  the  variation  of  the 
frequency  of  the  ordinary  small  shocks,  whoso  number  is  minimum 
in  the  months  of  June,  July,  August,  and  September,  is  just  the 
reverse  of  that  of  the  destructive  disturbances,  whose  number 
is  maximum  in  July  and  August*.  Again,  with  respect  to 
the  recent  Japan  earthquakes  of  submarine  origin,  the  annual 
variation  of  the  small  shocks  is  found  to  be  approximately 
opposite  to  that  of  the  stronger  or  larger  ones  J.  Relations  like 
these  between  small  and  largo  seismic  disturbances  are  what  is 
to  be  expected  from  the  nature  of  an  earthquake,  winch  is 
virtually  equivalent  to  the  removal  of  a  weak  point  in  the  earth's 
crust;  tho  more  frequent  occurrence  of  small  shocks  tending  to 
prevent  any  abnormal  accumulation  of  the  underground  stress. 
The  non-occurrence  of  these  disturbances,  or,  an  unusually  low 
seismic  frequency  may,  on  the  other  hand,  facilitate  the  occurrence 

*  F.  Oman :   "  Note  on  the  Earthquake  Investigation  Committee  Catalogue  uf  Japanese 
Earthquake*."   Jour.  Sc.  Coll..  Imp.  Tokyo  Univ.,  Vol.  XI,  1839. 
J  Thw  number.  PI.  XIX. 
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of  great  or  destructive  seismic  disturbances.  The  reversal  of  the 
maximum  and  minimum  epochs  in  the  annual  variation  of  large 
and  small  seismic  shocks  is  also  strikingly  shown  in  the  cases 
of  the  earthquakes  recorded  in  Tokyo  and  Kyoto. 

Seasonal  variation  of  seismic  frequency  in  Tokyo.  The 
number  of  destructive  and  semi-destructive  earthquakes,  which 
shook  Tokyo  (Yedo)  since  the  foundation  of  the  city  in  1590 
by  Tokugawa  Iyeyasu,  was  18,  the  first  and  last  of  which  took 
place  in  1015  and  1894  respectively.  Of  these,  the  maximum 
seasonal  number  of  7  occurred  in  Summer,  while  the  minimum 
number  of  3  occurred  in  Winter  and  Spring.  On  the  contrary, 
the  mean  seasonal  number  of  ordinary  small  earthquakes,  observed 
instrumentally  in  Tokyo  between  1870  and  1899,  was  minimum 
(=19.1  and  18.3)  in  Summer  and  Autumn,  and  maximum  (  =  25.5) 
in  Spring*,  as  shown  in  the  following  table. 


Seasonal  Seismic  Frequency  in  Tokyo. 


Seasou. 


Spriug  (March,  April,  May). 
Summer  (June,  July,  August). 
Autumu  (Sept.,  Oct.,  Nov.) 
Winter  (Dec.,  Jam,  Feb.) 


Menu  Hcitsonal  number 
of  ordinary  enkes. 
(1876-10W). 


Number  of  ikwrmcrtivo 
iind  Bomi-cWjKtrnctivo 
(1615-1894). 


25.5 
19.1 
18.:$ 
•2:5.9 


As  is  gruphicdlv  shown  in  Figs.  1  and  2  (PI.  X),  the  annual 
variation  of  the  small  earthquakes  is  almost  symmetrically  opposite 
to  that  of  the  destructive  and  semi-destructive  shocks. 

Annual  variation  of  seismic  frequency  in  Kyoto.  Of 
the  seismic  disturbances  recorded  in  Kyoto  between  797,  the  year 


-  Soc  llic  {'MlcttiHis,  No.  8. 
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of  its  foundation,  and  18(»7,  when  it  consul  to  l>o  the  Imperial 
capital,  1088  earthquakes  were  small  shocks,  and  32  were  destruc- 
tive or  semi-destructive  in  or  about  the  city*.  The  distribution 
in  the  12  months  of  the  year  of  these  two  classes  of  Kyoto 
earthquakes  arc  as  follows. 

Monthly  Seismic  Frequency  in  Kyoto.    (797-1 8»»7). 


Month. 


January. 

February. 

Maivk 

April. 

May. 

Jnue. 

July. 

August. 

Septomlier. 

October. 

Novemlier. 


Ortlinary  small  oqkes. 
(1088  shocks.) 


79 
82 
110 
10-2 
95 
91 

87 
95 
71 
87 
95 
91 


Instructive  anil  semi- 
destructive  «qkes. 
r:-»2  shocks.) 


:; 
0 

i 

0 

II 

8 
I 

5 

7 

)J 

.> 
-# 

i 

1 

•1 


Thus  the  small  earthquakes  indicate  the  maximum  monthly  number 
of  IK)  in  March,  and  the  minimum  of  74  in  September;  while 
the  larger  ones  show  the  minimum  number  of  zero  in  February 
to  April,  and  the  maximum  number  of  7  in  August.  As  will 
also  be  seen  from  the  graphical  illustrations  in  Figs.  .*>  and  I  (PI.  X), 

"  Th«.m.-  numbers  ntw  rovisotl  results  ainl  iliffiT  slightly  from  tln^-  jri^e  >  in  Jour.  S«\  Coll., 
Imp.  Tokyo  I'niv..  Vol.  XI. 
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tho  annual  variations  of  the  two  sets  of  earthquakes  arc  nearly 
opposite  to  one  another. 

Concluding  remark.  From  the  foregoing  §§,  it  is  evident 
that  we  must  treat  small  and  large  earthquakes  separately,  in 
the  discussion  of  seismic  frequency  with  respect  to  the  atmos- 
pheric pressure,  the  position  of  the  moon,  etc. 
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Annual  Variation  of  Kyoto  Eqke  Frequency 
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List  of  Recent  Volcanic  Eruptions  in  Japan*. 

By 

F.  Omori,  Sc.  Ih, 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

With  Pis.  XI-XIII. 


Larger  volcanic  outbursts  in  recent  years.  Among  the 
recent  volcanic  explosions  in  .In pan,  the  most  notable  were  the 
following  five  : — 

(i)  Explosion  of  Bandai-san.    July  15,  1888;  7h  45m  a.m. 

(ii)  „  Aznma-san  (Issaikyo-san).     May  19,  .1893;  llh 

30m  a.m. 

liii)  .,  Adatara-san   (Numashiri-yama).    July   17,  1900; 

fill  30m  p.m. 

(iv)  „  Tori-shima.    August,  probably  between  the  night 

of  7th  and  thai  of  9th,  1902. 

(v)  Submarine  eruption  near  the  Minami  Two-jima  (South  Sulpher 

Island).    About  the  5th  of  De«eml)er,  1901. 

Of  these,  the  first  four  consisted  each  of  a  sudden  steam  explosion, 
the  most  violent  being  that  of  the  Bandni-san,  one  of  whose 
peaks  was  entirely  destroyed.  The  three  explosions  of  the  Azuma- 
san,  Adatara-san,  and  Tori-shima  were  much  smaller,  that  of  the 
first  named  mountain  being  probably  the  least.  A  rough  idea  of 
the  comparative  strengths  of  the  explosions  maybe  obtained  from 

*  Tmnslation,  with  (uhlitiomt.  of  the  present  author  m  pup»r  in  the  lt«|>ortK  (.litpniit«4>)  of 
tho  Imp.  Kiirthqunke  Inv.  Comm..  No.  l'JOI. 
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the  musses  blown  off  on  the  different  occasions0,  which  were  ap- 
proximately in  the  ratios  of  3400  :  1  :  7  :  56,  as  follows  : — 

(volume  of  newly 
formed  cutter.) 

Kaudai-san    1,700,000,000  cubic  metres. 

Azunia-aan   />00,000  ,, 

Adatara-sau    3,600,000 

Tori-shima   28,000,000 

Each  of  these  four  volcanic  explosions  caused  a  considerable 
damage,  attended  by  loss  of  human  lives,  which  was  specially 
striking  in  the  case  of  the  Tori-shima,  the  total  population  of 
the  island,  abaut  1*25  in  number,  having  been  entirely  wiped  away 
without  leaving  even  a  trace. 

The  explosion  of  the  Adatara-san  was  central,  that  is  to  say, 
took  place  from  the  filled  up  crater  of  the  original  volcano,  while 
those  of  the  13andai-san,  Azuma-san,  ami  Tori-shima,  were  each 
an  eccentric  outburst,  having  occurred  not  in  the  original  central 
crater. 

The  submarine  volcanic  outburst,  (v),  which  took  place  near 
the  Minami  hvo-jima,  was  very  remarkable  and  consisted  in  the 
eruption  of  molten  lava,  resulting  in  the  formation  of  a  new  island, 
about  1  15  metres  in  height  and  nearly  "»  km  in  circumference. 
This  island,  made  up  of  the  loose  material,  again  entirely  disap- 
l>eared  al>out  f  year  later. 

Of  the  5  eases  of  larger  volcanic  outbursts  mentioned  above, 
the  first  three  occurred  in  the  province  of  Iwashiro,  in  the  northern 
part  «»f  the  Main  Island,  while  the  two  last  occurred  in  the 
Pacific  and  belonged  to  the  Fuji  volcanic  chain. 

k  The  estimation  of  the  volume  ut  newly  <>|>eneil  miter  of  the  Ihimlai-sim  was  mmlu  by 
tLe  late  rrofetwore  S.  Sckivii  unci  Y.  Kikuehi.  Those  relating  to  Ihe  three  other  voloarjoea  nre 
Kiwi  on  the  olwervntion*  of  the  present  author. 
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List  of  vr*tcanic  outlmrsttt,  1893-1907,  During  the  14 
years  between  1893  and  1907,  there  were  in  Japan  (Kuriles, 
Lyu-Kyu,  and  Formosa  excepted)  over  70  cases  of  volcanic  out- 
bursts, which  consisted  mostly  in  the  explosions  of  steam ;  the 
mountains  most  active  during  this  period  being  the  following 
four  :— 

Aaaraa-yaina  (province  of  Shinano)  abont  31  times 

Kirisliima-yama  (province  of  Hyuga)   19 

Aso-san  (prov  ince  of  Higo)   G  „ 

Shirane-snn  (province  of  Kofamke)   5  „ 

Besides  these,  Azuma-san  (Issaikyo-san),  Adaitara-san  (Numa- 
shiri-yama),  Tammae-san  (in  Hokkaido),  Komaga-take  (Do.), 
Katta-dake  (province  of  lttkuzen),  and  others  were  also  more  or 
less  active ;  there  l>eing  also  two  cases  of  submarine  eruptions  oft' 
the  Pacific  coast.  The  approximate  positions  of  these  volcanoes, 
14  in  number,  are  as  follows. 


Volcano. 

Latitude  (X) 

Longitude  (E) 

Komngn-take. 

42° 

04' 

140° 

41' 

Tammae-ssin. 

42 

42 

141 

23 

Katta-dakc. 

38 

OH 

140 

27 

37 

44 

140 

15 

Aclatnra-san. 

37 

38 

140 

1G 

llandni-san. 

37 

37 

140 

04 

Sliiroue-san. 

M\ 

38 

138 

33 

Asama-yanui. 

'Ml 

25 

138 

30 

Iwo-dake. 

Mi 

ir» 

137 

3G 

Aso-8-iu. 

32 

54 

131 

05 

Kirishima-yamn. 

31 

5fi 

130 

52 
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Volcano 

latitude  (X) 

longitude  (E) 

Near  Bayonnise  liock. 

31°  55' 

139°  54' 

Tori-shiraa. 

30  27 

140  07 

Eraption  near  Minami-  | 

24  13 

141  29 

Iwo-shima.  | 

As  a  strong  volcanic  eruption  lias  usually  a  number  of 
smaller  followers,  it  is  often  difficult  to  count  the  exact  number  of 
the  outbursts.  These  small  secondary  ones  have,  in  so  far  as 
they  can  be  identified  as  such,  been  excluded  from  the  following 
list  of  the  volcanic  disturbances. 


Table  I.    List  of  Volcanic  Outbursts  in  Japan,  1893-1907. 


Volcano. 

Dute. 

Time  of 
Outfauist. 

Rkmakkk. 

1894 

Kirislunw-yamn. 

Feb. 

25 

10*1 

30">  A.M. 

Detonntionit.  A*)ica  thrown  oat. 

28 

8 

20 

Ixnul  (letotintioriK. 

.Wan  ii. 

March 

7 

5 

DctountionB.  Aahes  thrown  otit. 

Rambling  «o 
ntxl  10*25  A. 

ntulH  uIho 
M.  of  the 

hennl  nt  7.13;  8.46  ;  U.15 ;  9.23;  9.40;  10.02 
mo  <lny,  thu  bint  being  the  frtrongart. 

•* 

n 

13 

10 

10 

A.M. 

DtfotmtionH  ntul  explosion. 

AxuniA-Hou 
(Imnikyo«iu). 

11*. 

Detonations.  Ashes  thrown  out. 

« 

April 

i 

Noon. 

f. 

I 

A.M. 

.. 

»• 

11 

*J 

V.M. 

Lontl  detonation*.  AkIum  thrown  out. 

*• 

12 

10 

A.M. 

Ahuom  thrown  out. 

Annmn-ynmn. 

17 

8 

A.M. 

Detonntionn.  Axhcs  thrown  out. 

•» 

»» 

28 

0 

20 

l'.M. 

Ontbnnit. 

»• 

»• 

30 

0 

A.M. 

Loutl  Detonation*.  Axhcw  thrown  out 
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Voluino. 

i 

Date. 

Time  of 

( hit  buret.  | 

Kkmajuw. 

A*>wn. 

May  24 

11 

idut 

Rht. 

Detonations.  Ashe*  thrown  out. 

Aaama-ynmA. 

June  14 

30™ 

A.M. 

LoikI  (letonntioiw.  AmIh*  thrown  out 

III   U*r^  'J'uiillllj. 

Aiw-mn. 

23 

8 

— 

r.M. 

Ixaul  detonations.  Ashen  thrown  out. 

Tnrumnc-san. 

Aug.  17 

0 

— 

P.M. 

Smoke  emitted. 

Aso-wn. 

30 

5 

A.M. 

IX  touations. 

AnTlU-HUlKl*. 

f  fl).  l«l 

9 

— 

A.M. 

19 

8 

A.M. 

tt 

.Vznma-«un 
(Ifwaiky<>-mn). 

March  8 

7 

3-2 

A.M. 

IVtotwtious  ami  emiw<ion  of  Bznoke. 

•» 

.. 

y 

40 

r.M. 

H  « 

Tniv  h; 

•iuij  m 

0 

r.M. 

»t 

Krnnagn-tnke 
\  rviu  ui-«  vi ki  i. 

Sept.  27 

5 

A.M. 

»t  tt 

K  iritthima-ynmn. 

Oct.  16 

0 

30 

rjtf. 

tt  ». 

•t 

Deo.  1H 

1896 

3 

•r. 

P.M. 

Low!  detonations  ami    cmiKnioii  of 

Ktrishimn-ynmn. 

March  15 

8 

2(5 

A.M. 

KxpUiNioi),  ju'mtnpanioil  by  esumion 
tjf  smoke  jiih!  falling  of  ashen. 

»» 

Juno  20 

1 

Detonation*  uml  cmuaaon  of  smoke. 
Anhra  thrown  out. 

M 

Poo.  '21 

1897 

1 

15 

r.M. 

EsploKion.    Afhcs  thrown  out. 

Zo-O-Hun 
(KnttnMiikc) 

.Inn.  11 

0 

30 

A  M. 

Detonation*.    Smoke  emitted. 

(Bud  of  Feb.  to 
•of  March. 

PctonutioiiN   continued    for  t-everal 

days,  ltoing  strongest  on  March  3. 

July  31 

5 

A.M. 

Potoiiation*  unci  emission  of  smoke. 

Sept.  1 

8 

AM. 

KxpkjKioti. 
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Volcano. 

Ditto. 

Time  of 
Outburst. 

IUmarks. 

Kirakimu-yiunn. 

1891 

Feb. 

\ 

8 

1>. 

-"A.M. 

Detonations  n 

March 

11 

7 

-  P.M. 

Lond  detonnti 

onu  and  explosion. 

Dec. 

30 

11 

—  r.M. 

1899 

Asjunn-yuDui. 

Mjircli 

10 

1 

-  P.M. 

Detonations  ami  explosion. 

.tnly 

1(1 

Night 

clays. 

xjntinuing  for  several 

•» 

»• 

15 

11 

—  A.M. 

Loud  detonntj 

onfi  anil  cxdIimmoii 

Kirishimn-ynnui. 

«• 

28 

1 

30  A.M. 

tt  H 

•> 

Asumn-viimn. 

Auk- 

7 

7 

—  P.M. 

Ashes  fell  for 

scvoml  tlays. 

Adatnra-Nan. 

•  * 

•it 

11 

30  P.M. 

Explosion. 

KiriMhima-yama. 

Sept. 

12 

Morning 

Detonations  a 

nd  explosion. 

Oct. 

13 

3 

05  A.M. 

Nov. 

7 

3 

lorning 

■• 

12 

7 

30  P.M. 

Explosion. 

1900 

\d»t«m-*m 

Jim. 

22 

7 

—  A.M. 

Detonations  n 

oil  explosion. 

Feb. 

7 

« 

—  P.M. 

•> 

Kirishinin-ynmn. 

•• 

1G 

9 

—  A.M. 

Asamn-vuma. 

•• 

11) 

5 

—  P.M. 

Lond  detonnti 

ons  and  expkeiuti. 

»« 

March 

1 

(From  morning 
(to  noon. 

.. 

«• 

«• 

22 

Midnight 

Detonations, 
others. 

follow  etl    by  sevend 

•  » 

3i 

3 

10  P.M. 

Lond  detonations  and  explosion. 

Adnb»ru-«an. 

.Inly 

17 

r. 

30  P.M. 

Great  explosion.    (See  Uie  1st  $) 

Asama-yanm. 

21 

Explosion. 

Shiranc-tuiii. 

Oc». 

1 

:i 

-  A.M. 

Fenble  detonations  aud  explosion. 

Axiimn-yiima. 

Nov. 

i 

ID 

4 

30  P.M. 

Kxpfcvdon. 
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Ihlte. 

Time  of 
Outburst. 

It  tannics. 

4'-  -  m  A.M. 

Fu.Me  shaking  nml  explosion. 

1901 

ANinui-yAinA. 

April  "20 

0  25-5  00  I'.M. 

Expkwioii 

21 

10   30  A.M. 

Emission  of  smoke. 

•* 

May  25 

10    50  A.M. 

2«! 

2    00  P.M. 

July  21 

Evening 

Explosions  continued  for  sevcml  iktys. 

•* 

Am;.  fi-8 

1902 

{Ashes  fell  uk.  on  !tth  nn.l  10th.) 

Axamn-ynma. 

Aug. 

1    -  1\M. 

Detonations.    Ashes  thrown  out. 

rt\  kV4  Ik 

|(proi*il>ly  Iwtwi-eii  evon- 
Aug.  ,ing  «jf  "th  ami  tluit  .if 

'  ytli) 

s-pt.  :> 

Evening 

Small  e\pl<*ion. 

17 

1903 

1    —  P.M. 

t*  •* 

KiriKliiiiui-yiinui. 

Aug.  211 

2    30  I'.M. 

Detonations  anil  explosion. 

•« 

Nov.  25 

1904 

0    —  A.M. 

(Jrent  ilotountions  nml  explosion. 

Asiimn-yiimu. 

Ang.  4 

Smoke  emitted,  iiml  iishes  thrown  ont. 

N«ir  the  Minnmi 
Iwo-jimn. 

(Alwnt  Nov.  US) 

1905 

A  grent  snlimnrine  eruption,  resulting 
in  the  formation  of  n  new  islnnil. 

Ang.  20 

11  P.M. 

Explosion.     Ashe*  continued  to  lie 
throw  n  out  till  the  end  of  the  yenr. 

Slunine-siui. 

(Vt.  2I(?) 

1906 

Smoke  emitted,  nn<l  nslies  thrown  ont. 

Asnmu-ynnut. 

Ai»ril  r. 

Enrly  morning 

Smoke  emitted. 

In  tli«i  vicinity  of 
lloyonruiise  Itock,  to 
the  SK  of  Aognshi- 

ITUl. 

April  (prolmbly  | 
lietween  7  utulf 
13)  ' 



A  mbmnriuo  < -ruptioii.  which  con- 
tinued proUiWy  for  ulxnit  one  week. 
A  great  iinnntity  of  pumice  vns 
found  flouting  mi  the  sen  snrfiice. 
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Volcano. 

Date. 

Outburst. 

ItKMARKft. 

Aho-kiiii. 

Asnnui-yiinui. 
•• 

•Tunc  8 

1907 

•Inn.  18 
March  28 

3"  —  P.M. 

(Continued  from 
jthft  evening  of 
118th  to  U»e  morn- 
ling  «if  19Ui 

C   -  A.M. 

Detonations,  followed  by  an  explosion. 
A  new-  crater,  oliout  50  ft  in  length 
ami  31  ft  in  width  was  formed. 

Smoke  emitted. 

Smoke  emitted,  and  rushes  thrown  out. 

»» 

Ang.  21 

Kiirly  morning 

lwo-tlitke. 
(in  Shinnno) 

Dec.  11 

Exphxdon.    AhIich  were  thrown  out. 

• 

Annual  variation  of  the  frequency  of  the  volcanic  out- 
hursts.  The  distribution  in  the  12  months  of  the  year  of  the  80 
cases  of  volcanic  disturbances  contained  in  the  list  given  in  the 
preceding  §  is  shown  in  the  2nd  column  of  the  following  table; 
the  figures  in  the  3rd  column,  taken  from  the  late  Mr.  Ogashima's 
work.  Nippon  Saiishi,"  (.1  compendium  of  unusual  events  in 
Japan),  being  the  annual  distribution  of  the  113  volcanic  out- 
bursts, which  happened  in  Japan  since  the  earliest  historical  times 
down  to  IW>*. 


Table  II.    Volcanic  ^i  options  in  Japan. 


Mouth. 

80  Vol.  Outbrust* 
iu  recent  years. 
1893-1907 

113  Vol.  Outbursts 
rwonled  iu  history. 
085-1886 

»Sk»i. 
(193  Outbursts). 

I 

3 

fi 

9 

n 

9 

•20 

29 

nt 

12 

13 

25 

*  For  account*  of  hiMuricitl  volcanic  out  brants  in  Jnpnn,  Hie  reader  in  also  referred  to  ' 
Prof.  John  Milne's  jmper.  "the  volcanoes  of  Japan."  in  the  Trans.  Seism.  Six*.  Japan,  Vol.  IX. 
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Month. 

SO  Vol.  Outbursts 
in  rereut  yews. 
1893-1907 

113  Vol.  Outbursts 
recorded  in  bistoiT. 

far    1  oo/' 

Sum. 
H93  Outbursts'! 

TV 
1  » 

1 1 

1  J. 

Oft 

v 

> 

•> 

o 

11 

VI 

4 

4 

8 

vn 

H 

7 

15 

vm 

11 

14 

25 

J* 

f> 

9 

14 

X 

4 

3 

7 

XI 

r> 

9 

14 

xn 

r> 

(5 

11 

The  animal  variations  of  tho  recent  volcanic  outbursts  and 
of  those  which  occurred  in  the  historical  times  arc,  as  illustrated 
in  Figs.  1  and  2  (PI.  XI),  mutually  alike,  each  showing  two 
distinct  maxima  of  the  frequency.  The  monthly  distribution  of 
the  two  sets  of  eruptions  taken  together  is  given  in  the  last 
column  of  the  above  table  and  illustrated  in  Fig.  3.  From  the 
latter  it  will  be  seen  that  the  absolutely  greatest  frequency  (20) 
of  eruptions  occurred  iti  February  ;  the  three  mouths  of  February, 
March,  and  April  together  forming  tho  1st,  or  principal  epoch  of 
volcanic  activity,  followed  by  the  principal  minimum  in  June. 
The  2nd,  or  smaller,  maximum  frequency  (23)  occurred  in  August. 

Comparison  with  the  annual  variation  of  seismic  fre- 
quency. To  compare  the  annual  variation  of  the  frequency  of 
the  volcanic  eruptions  with  that  of  the  seismic  frequency,  I  give, 
in  Table  TIT,  the  mean  monthly  percentage  numbers  of  earthquakes 
observed  iustrumentally  at  the  meteorological  observatories  of 
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Nagoya,  (iifu,  and  Kutnamoto,  which  j daces  are  shaken  mostly 
by  seismic  disturbances  of  inland  origin  ;  the  figures  having  been 
deduced  from  the  data  given  in  the  "  Publications  of  the  Imp. 
Earthquake  Inv.  Comm.",  No.  8. 


Table  Til.    Mean  Monthly  Percentage  Numbers  of  Earthquakes 
at  Nagoya,  (iifu,  and  Kutnamoto. 


.tlOllul. 

( tllU. 

Ivunimnoto. 

siva  oyc. 

1 

13.3 

10.7 

10.9 

11.6 

TI 

7.5 

8/2 

9.3 

8.3 

TIT 

13.0 

0.9 

9.9 

10.9 

IV 

9.0 

13.9 

9.5 

U.0 

V 

0.0 

9.2 

10.5 

9.6 

VI 

0.3 

(5.9 

9.0 

7.6 

VII 

(5.0 

0.0 

4.9 

5.6 

VIII 

11.2 

5.5 

7.5 

8.1 

IX 

o.o 

0.5 

7.5 

6.9 

X 

0.9 

8.2 

as 

8.0 

XI 

4.8 

8.0 

0.1 

6.5 

XII 

5.8 

0.5 

5.5 

5.9 

According  to  the  average  values  of  the  monthly  seismic 
frequency,  which  are  given  in  the  last  column  of  Table  III.  and 
Avhich  are  graphically  illustrated  in  Fig.  I,  the  annual  variation 
of  the  frequency  of  the  earthquakes  of  inland  origin  shows  the 
epoch  of  the  principal  maximum  (  —  11)  in  March  and  April, 
with  the  principal  minimum  (  =  .">. 0)  in  July;  there  being  an 
epoch  of  a  secondary  maximum  (  —  8)  in  the  months  of  August 
to  October.    The  variation  in  question  may  thus  be  regarded  as 
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being  on  the  wliole  approximately  similar  to  that  of  the  frequency 
of  the  volcanic  eruptions. 

With  respect  to  the  cause  of  the  frequency  variations  of 
these  two  phenomena,  it  is  to  l>e  remarked  that  the  earthquakes 
of  inland  origin  are  much  affected  by  the  atmospheric  pressure, 
as  discussed  in  the  Publication*,  No.  8 ;  the  1st,  or  principal, 
seismic  maximum  above  mentioned  being  due  proluibly  to  the 
barometric  maximum  in  the  annual  variation.  The  2nd,  or 
smaller,  seismic  maximum  may  possibly  be  due  to  the  more  ex- 
tensive or  stronger  among  the  earthquakes  of  inland  origin  taken 
into  consideration  ;  the  annual  variation  of  large  and  small  shocks 
being  in  general  opposite  to  one  another.  The  cause  for  the 
two  maxima  in  the  frequency  variation  of  the  volcanic  eruptions 
is  probably  the  same  as  in  the  case  of  those  of  the  earthquakes. 
It  is  needless  to  add  that  further  and  more  strict  investigations 
in  these  connections  aro  necessary,  especially  for  the  explanation 
of  the  secondary  maximum  in  the  frequency  of  volcanic  erup- 
tions*. 

Seasonal  numbers  of  volcanic  eruptions.  The  following 
table  give-;  the  distribution  in  the  four  seasons  of  the  year  of 
the  103  volcanic  eruptions  (Table  II)  and  of  the  percentage 
numbers  of  the  earthquakes  observed  at  Xagoya,  (rifn,  and  Kuma- 
i.noto  based  on  the  data  given  in  Table  III. 


*  In  tin-  Kep  rrts  (Japanese)  of  the  Imp.  Earthquake  Inv.  Comm.,  No.  ofi,  I  Lave  stated  tbe 
view  (hut  tin-  M4N>:uLtry  maximum  in  the  frequency  of  the  volcanic  eruption*  mny  be  due  t"> 
the  prowim-  >>i  the  sou  water  at  the  liiltom.  The  KtippoMtiori  stated  in  the  preRent  pnrnfrmph 
sffjmn  to  Ik-  the  more  likely  one. 
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Table  IV.    Seasonal  Distribution  of  the  Volcanic  Eruptions 
and  the  Percentage  Numbers  of  the  Earthquakes. 


Volcanic 

Seismic  Frequency. 

Season. 

Eruptions. 
(11M) 

Nagoyu. 

Gifu. 

Knmamofco. 

Me<iv. 

Spring 
(llnrch.  April,  May.) 

01 

31.0 

33.0 

30.3 

31.0 

(.Tunc.  .Tnly,  Angiwt.) 

48 

23.5 

18.4 

22.3 

21.4 

Autumn 

(Sept..    Oct.,  Nov.) 

35 

18.4 

23.2 

22.7 

21.4 

Winter 
(Dec..    Jan.,  F«*b.) 

40 

2(3.5 

25.4 

24.7 

25.5 

Thus,  for  the  volcanic  eruptions,  the  greatest  seasonal  number  of 
CI  occurred  in  Spring,  being  1.7  times  greater  than  the  least 
number,  which  occurred  in  Autumn.  For  the  mean  frequency 
of  tho  earthquakes,  the  greatest  percentage  number  of  31.0  occur- 
red also  in  Spring,  being  about  1.5  times  greater  than  the  least 
number  of  21.4.  which  occurred  in  Summer  and  Autumn.  The 
curves  graphically  representing  the  variations  of  the  seasonal 
frequencies  of  the  eruptions  and  tin?  earthquakes,  given  in  Figs.  .r> 
and  G,  (PI.  XII),  will  bo  seen  to  be  on  the  whole  similar  to  one 
another. 

Mtmbers  of  volcanic  eruptions  in  tlie  successive  years. 
Table  V  gives  the  number  of  the  volcanic  eruptions  for  each 
of  the  years  1894  to  1907,  and  for  the  sake  of  comparison,  the 
total  numbers  of  earthquakes  (exclusive  of  teleseismic  disturbances) 
observed  in  Japan  during  the  successive  years. 
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Table  V.    Yearly  Numbers  of  Volcanic  Eruptions  and 
Earthquakes  in  Japan.  1894-1007. 


Year. 

Number  of 

Number  of 

Vulcanic  Eruptions. 

Earthquakes*. 

1894 

17 

2,729 

1895 

8 

1,417 

1896 

3 

1.90G 

1897 

4 

1,727 

1898 

3 

1,561 

1899 

10 

1,682 

1900 

12 

1,831 

1901 

6 

1,615 

1902 

4 

1,401 

1903 

2 

1,242 

1904 

2 

1,142 

1905 

2 

1,901 

1906 

3 

1,551 

1907 

4 

1,642 

(*  FormoHA  excluded) 


From  Figs.  7  and  8  (PI.  Xlll),  which  graphically  illustrate 
the  'results  contained  in  Table  V,  it  will  be  seen  that  the  relations 
to  time  of  the  numbers  of  the  eruptions  and  the  earthquakes  are 
rather  alike  to  each  other ;  in  each  case  the  absolutely  greatest 
number  occurring  in  1894,  and  a  maximum  in  1900. 

From  wliat  has  been  said  in  the  foregoing  §§,  the  volcanic 
activity  in  Japan  seems  to  follow  approximately  that  of  earth- 
quakes. Tins  is  in  accordance  with  the  fact  that  largo  volcanic 
eruptions  and  destructive  earthquakes  often  take  place  in  nearly 
the  same  epoch  in  different  parts  of  a  great  seismic  zone. 
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Annual  Variation  of  the  Volcanic 
Eruptions  and  Earthquakes  in  Japan. 
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Fig.l.  80 
recent  Volcanic 
Eruptions. 
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Fig.  2.  113 
historical  Volcanic 
Eruptions. 
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Fig.  3.    193  recent 

and  historical 
Volcanic  Erupt  ions. 
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Fig.  4. 
Earthquakes  of 
Inland  Origin. 


XII  I 


'  x  —  Time,  in  months. 

y  =  Monthly  nnml>er  of  volcanic  erupt  ions  in  Japan. 
y'  —  Mean  monthly  percentage  number  of  earthquakes 
of  inland  origin. 
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Seasonal  Distributions  of  the 
Volcanic  Eruptions  and  Earthquakes  in  Japan. 


Fig.  6.    193  Volcanic  Eruptions. 
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 ,   f.»v/*.w  > 


Fig.  6.    Earthquakes  of  Inland  Origin. 


y  =  Monthly  number  of  volcanic  eruptions  in  Japan. 
y'^  Mean  monthly  percentage  number  of  eurthquakes 
of  inland  origin. 
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Variations  of  the  Yearly  Numbers  of  the 
Volcanic  Eruptions  and  Earthquakes  in  Japan. 


Fig.  7.    Volcanic  Eruptions. 


- 


Fig.  8.  Earthquakes. 

,unm-  ■  ■  i        .  ,  


* 


y  —  Yearly  number  of  volcanic  erapttotift  in  Japan. 

y'=     „  .,  earthquake*  in  Japan  (Formosa  excepted). 


On  the  Annual  Variation  of  the  Height  of  Sea-Level 
along  Japanese  Coasts.  2nd  Paper. 

By 

F.  Omorl,  S<\  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

With  Pis.  XIV-XIX. 


Introductory,  In  a  previous  note*  I  have  considered  the 
relation  to  the  barometric  pressure  and  the  seismic  frequency  of 
the  annual  variation  during  1002  of  the  height  of  sea-level  at 
Ayukawa  and  Misaki,  which  are  situated  on  the  Pacific  coast  of 
the  Main  Island.  The  present  paper  treats  of  the  same  relation 
for  these  two  places  during  the  year  1003,  and  also  gives  the 
discussion  of  the  sea-level  observations  during  1004  made  at 
Choshi  (province  of  Shimosa)  on  the  Pacific  side,  and  at  the  four 
Japan-Sea  coast  stations  of  Otaru,  Iwasaki,  Wajima  and  Hamada. 
The  data  relating  to  the  mean  monthly  heights  of  sea  level  at 
Choshi  are  based  on  the  report  of  the  meteorological  observatory 
at  that  town,  while  those  relating  to  all  the  other  places  have 
been  furnished  by  the  Survey  Department  of  the  General  Staff*  of 
the  Imperial  Army  ;  the  tidal  measurement  at  each  place  being 
made  by  means  of  an  automatically  recording  mareograph.  The 
approximate  positions  of  the  different  stations,  which  are  shown 
in  Fig.  1  (PI  XIV),  are  as  follows. 


•  The  "  rublicntioiifl  of  tho  Enrthqiwke  Inv.  Comm.",   Xo.  18. 
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Stations. 

Latitude  (N). 

Longitude  (E). 

Otani. 

43° 

13' 

141° 

01' 

Iwanaki. 

40 

30 

139 

55 

Ayukawa. 

38 

18 

141 

31 

Chushi 

35 

44 

140 

50 

Misaki. 

35 

10 

139 

37 

Wajima  (Wajima-zaki). 

37 

25 

130 

54 

34 

55 

132 

05 

Height  of  sen -lev el  at  Ayukawa  and  Misaki,  in  1903, 

Table  I  gives  the  mean  relative  monthly  heights  of  sea  surface  for 
1903  at  Ayukawa  (province  of  Rikuzen)  and  Misaki  (province  of 
Sagami),  while  Table  II  gives  the  mean  monthly  atmospheric 
pressure  for  the  same  year  deduced  from  the  barometric  ob- 
servations at  the  meteorological  observatories  of  Ishinomaki  and 
Yokosuka,  respectively  near  to  the  two  mareograph  stations 
above  named. 


Table  I.    Mean  Monthly  Relative  Heights  of  Sea  Level  at 
Ayukawa  and  Misaki.  1903 


Month. 

Ayukawa. 

Miaaki. 

Mean. 

January. 

mm 

131 

mm 

101 

mm 

lie 

February. 

75 

00 

08 

March. 

12 

0 

6 

April. 

0 

19 

10 

May. 

110 

102 

109 

June. 

187 

185 

]80 
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Month. 

Aynkawn. 

Misaki. 

Mean. 

July. 

miu 

257 

mm 

183 

mm 

220 

August 

233 

200 

220 

September. 

240 

190 

218 

October. 

220 

220 

220 

November. 

ICG 

191 

179 

December. 

187 

133 

100 

Table  II*. 

Mean  Monthly  Barometric  Heights  at 

Ishinomaki  and  Yokosnka.  1903. 

Montli. 

Isbiuomaki.  Yokosnka. 

Mean 

Jmniary. 

700  +  02.4  mm 

700  +  02.7 

mm  mm 

700-I-02.G 

l'Vbrnary. 

02.7 

03.0 

02.9 

March. 

04.2 

03.9 

04.1 

April. 

03.3 

03.1 

03.2 

May. 

00.0 

00.1 

00.1 

June. 

50.1 

55.9 

50.0 

July. 

50.5 

57.1 

50.8 

August. 

58.8 

58.9 

58.9 

September. 

01.2 

00.0 

00.9 

October. 

03.3 

02.5 

02.9 

Novemlwr. 

C3.4 

c:u 

03.3 

Decemlier. 

01.3 

01.8 

01.0 

The  2nd  and  3rd  columns  of  Table  III  give  the  relative 
monthly  values  of  the  heights  of  sea  surface  and  of  the  atmos- 

•  Reduced  to  »w  level  and  the  freezing  point. 
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phcric  pressure,  respectively  ineaned  from  the  Ayukawa  and  Misaki 
mareograph  observations  (Table  I)  and  from  the  Ishinomaki  and 
Yokosnka  barometric?  readings  (Table  II),  the  figures  indicated  in  the 
4th  column  being  the  relative  total  amount  of  pressure  expressed  in 
height  of  water  column  at  the  sea  bottom  itself,  obtained  by  adding 
the  aqueous  and  the  atmospheric  pressures  as  above  deduced. 
From  Figs.  2  and  3  (PL  XV),  it  will  be  seen  that  the  annual  varia- 
tion of  the  height  of  sea  surface  is  on  the  whole  opposite  to  that  of 
the  atmospheric  pressure ;  the  sea  water  being  lowest  in  March,  and 
the  barometric  height  maximum  in  the  same  month.  The  total  pres- 
sure at  the  sea  bottom  varied  relatively  between  1 1 0  and  308  mm,  the 
maximum  and  minimum  occurring  respectively  in  Octobor  and  March. 

Table  IV  gives  the  data  for  190*_\  moaned  from  Ayukawa 
and  Misaki,  as  well  as  the  total  pressure  at  the  sea  bottom 
averaged  from  the  two  years  1!)02  and  1003.  As  will  be  seen 
from  Fig.  8,  the  annual  variation  of  the  latter  quantity  presents 
the  maximum  in  October  and  the  minimum  in  March  and  April, 
the  amount  of  fluctuation  being  194  mm  of  water  column,  or  14.3 
mm  of  mercury,  which  is  about  H  times  that  of  the  fluctuation 
of  the  monthly  mean  of  the  barometric  pressure. 


Tablo  III.  Mean  Relative  Monthly  Heights  of  Sea  Level 
and  Barometric  Pressure.    Ayukatm  and  Misaki.  1903. 


Month. 

Height  of  Sea 
J-evel. 

Barometric 
Pressure. 

Total  Pressure 
at  Sea  Bottom.* 

January. 

mm 

110 

0.0°"" 

niiu 

200 

February. 

62 

0.9 

15G 

March. 

0 

8.1 

110  (miu.) 

April. 

4 

7.2 

112 

*  Expressed  in  column  of  water. 
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Month. 

Height  of  Son 

Parametric 

Total  Pressure 

JiHVel. 

Pressure. 

ut  Sea  Pottom*. 

May. 

in  in 
103 

mm 

4.1 

HI  HI 

159 

J  irno. 

lHO 

0.0  180 
0.8  22r» 

July. 

214 

August. 

214 

2.9 

253 

September. 

212 

4.9 

279 

Oetoljcr. 

214 

0.9 

308  (max.) 

November. 

173 

7.3 

272 

IX  "comber. 

154 

50 

230 

Table  IV.  Moan  Kelutivc  MontlJy  Heights  of  Sua  Level  and 
Barometric  Pressure.    Ayukawa  and  Misaki.   1902  and  1903. 


Mouth. 

Height  of 
Sea  Level. 
1902. 

1  Jnrometric 
Pressure. 
1902. 

Total         Total  Pressure 
Treasure       afc  Bottom* 

i&SN  1902-19o:i 

1902.  (mean.) 

January. 

125" 

mm 

5.1 

i  ini 

194 

mm 

197 

February. 

0 

8.3 

111  (miu.) 

134 

March. 

40 

(5.0 

128 

120  ^IUIU') 

April. 

74 

4.0 

128 

May. 

142 

3.2 

185 

172 

June. 

171 

0.2 

174 

177 

July. 

180 

0.0 

180 

200 

August. 

205 

2.0 

240 

247 

September.  248 

2.5 

282 

281 

October. 

210 

7.9 

317  (max.) 

313  (max.) 

November. 

141 

9.3 

207 

270 

December. 

207 

4.8 

272 

251 

•  Exprusbi'd  in 

Lxihinin  of  witter. 
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Comparing  Figs.  2  and  3  with  the  figures  in  the  1st  papor  (the  Publi- 
cations, No.  18),  wo  sec  Uiat  tho  relation  of  the  variation  of  the 
height  of  sea  surface  to  that  of  the  atmospheric  pressure  remained 
essentially  identical  in  the  two  years  of  1902  and  1903,  the  only 
difference  being  that  the  epoch  of  the  lowest  water  and  highest 
barometer  occurred  in  1902  in  February,  and  in  1903  in  March. 

In  1902,  the  amount  of  the  fluctuation  of  the  mean  monthly 
values  of  the  height  of  sea  surface  was  248  mm,  while  that  of 
the  atmospheric  pressure  was  equivalent  to  120  mm  of  column  of 
water;  these  two  numbers  being  in  the  ratio  of  197:100.  In 
1903,  the  amount  of  fluctuation  of  the  height  of  sea  water  was 
somewhat  smaller,  namely,  211  mm,  that  of  the  atmospheric 
pressure  being  also  smaller  and  equivalent  to  110  mm  of  water 
column.  These  two  latter  nnmbers  are  in  tho  ratio  of  195  : 100, 
which  is  nearly  equal  to  that  for  1902. 

Observation  at  Choshi  (1904)*.  Tho  following  table  gives  the 
mean  monthly  values  of  the  relative  height  of  sea  surface  and 
tho  atmospheric  pressure  at  Choshi,  near  the  Cape  Inuboc,  in  the 
province  of  Shimosa. 


Table  V.    Mean  Monthly  Height  of  Sou  Surface  and 
Barometric  Pressure  at  Choshi.  1904. 


Mouth. 

Height  of  Sea  Surface. 

Barometric  Fressure4 

Jauuary. 

mm 

27 

mm  mm 

700  +  62.6 

February. 

0 

63.6 

*  This  account  of  the  Choshi  oUscrvntion  wiih  »lso  given  in  tho  "  Tokyo  Sngnkn  Butmiri 
Gakkwni  Kiji  Gniyo."  Vol.  1. 

J  With  gravity,  sea  level,  iirul  freezing  point  uorrectionH. 
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"Month. 

Heiulit  of  Sea  Surface. 

Barometric  Pressure. 

AT  'i  ty»1» 

7"™"' 

mm 

02.1 

April. 

27 

03.4 

May. 

7H 

59.3 

Jnue. 

48 

57.8 

July. 

130 

57.7 

August. 

190 

58.5 

September. 

230 

58.3 

October. 

215 

01.4 

Novemlior. 

72 

01.2 

Docoml)er. 

33 

01.9 

The  al>ove  figures  relating  to  tho  height  of  sea  level  and  the 
barometric  pressure  have  been  deduced  from  the  reading  at 
0  a.m.  each  day,  during  the  year  1904.  As  will  1k»  seen  from 
the  above  table,  which  is  illustrated  in  Figs.  4  and  5  (PI  XVI), 
the  sea  surface  was  highest  in  September  and  lowest  in  February, 
while  the  barometric  pressure  was  highest  in  February  and  lowest 
in  June  to  September;  the  annual  variation  of  the  two  quantities 
being  approximately  the  reverse  of  each  other,  as  was  tho  case 
with  Ayukawa  and  Misnki. 

The  difference  between  the  mean  monthly  maximum  and  min- 
imum heights  of  the  sea  surface  was  23G  mm,  while  that  of  tho 
atmospheric  pressure  was  equivalent  to  86  mm  of  water  column ; 
these  two  numbers  being  in  the  ratio  of  275  : 100. 

Japan  Sea  coast*.  The  annual  variation  of  the  height  of 
sea  surface  considered  in  the  preceding  §§  relates  to  three  places 

*  An  ncwunf  <>f  the  .InjMn  Son  owrt  ol)Ferwtionn  hm*  be^n  given  in  the  "  Tokyo  Sugnku 
ButBuri  Gnkkwni  Kiji  Gruyo."  in  1905. 
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on  the  Pacific  coast  of  Japan.  Let  us  now  consider  the  same 
subject  relative  to  the  Japan  Sea  coast,  there  being  on  the  latter 
the  following  four  mareograph  stations  :— 

( i )  Hamada,  iu  the  province  of  Iwami ; 

( ii )  Wnjimn,  011  the  northern  coast  of  tho  Peninsula  of  Noto ; 

(iii)  Iwasaki,  on  tho  western  coast  of  tho  province  of  Mutsu ; 

(iv)  Otaru,  in  tho  province  of  Shiribeshi  (Hokkaido). 

Table  VI  gives  the  mean  monthly  values  of  the  distance  between 
the  sea  surface  and  the  datum  line  in  tho  mareogram  at  each  of 
the  above  mentioned  places ;  Table  VII  giving  the  mean  monthly 
barometric  pressures  during  the  same  year  observed  at  the 
meteorological  observatories  of  Hamada,  Wajima,  Aomori,  and 
Sapporo.  The  two  last  cities  have  been  chosen  on  account  of 
their  proximity  respectively  to  Iwasaki  and  Otaru,  there  being  no 
meteorological  observatory  at  these  two  latter  places.  Finally, 
Table  VIII  gives  the  mean  monthly  values  of  the  relative  height 
of  sea  surfaco  and  of  tho  atmospheric  pressure,  deduced  from 
Tables  VI  and  VII  respectively. 


Table  VI.    Mean  Relative  Monthly  Position  of  the  Sea  Surface. 

Japan  Sea  coast.  1902, 


Mouth. 

Relative  distance  lietwoen  the  sea  surface  and  tho 
datum  line  of  the  Mareogram. 

Hamada. 

"Wajimn. 

Iwaaaki. 

Otaru. 

Mean. 

January. 

mm 

307 

mm 

22f? 

nun 

180 

mm 

159 

mm 

218 

February. 

3% 

330 

317 

278 

330 

March. 

319 

305 

277 

225 

282 
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Relative  distance  between  the  sea  surface  and  the 
datum  line  of  the  inaroogram. 


*l*  WU  Vila 

Hamada. 

Wajuna. 

IwiiHaki. 

Otaru. 

Moan. 

April. 

mm 

307 

mm 

289 

mm 

211 

nana 

102 

242mm 

May. 

149 

154 

135 

119 

139 

June. 

117 

109 

130 

93 

114 

July. 

83 

09 

112 

103 

92 

August. 

34 

25 

79 

79 

54 

September. 

0 

0 

0 

70 

18 

Oetobor. 

112 

73 

107 

0 

73 

November. 

200 

180 

170 

00 

150 

December. 

192 

158 

155 

89 

149 

Tabic  VII.    Mean  Monthly  Barometric  Pressure*. 
Japan  Sea  coattt.  1902. 


Month. 

Hamada. 

Wajima. 

Aomori. 

Sapporo. 

mm 

mm 

mm 

nun 

January. 

704.4 

703.0 

700.3 

757.22 

February. 

00.5 

00.1 

03.3 

00.09 

March. 

02.5 

03.1 

01.0 

59.27 

April. 

00.0 

01.2 

58.4 

55.20 

May. 

57.5 

58.7 

58.3 

50.32 

June. 

54.4 

50.1 

50.1 

02.23 

July. 

55.0 

55.7 

50.0 

55.00 

August. 

55.8 

57.4 

59.0 

57.78 

Soptembor. 

50.5 

57.1 

58.7 

57.90 

Oetobor. 

03.8 

04.2 

04.3 

02.24 

November. 

05.1 

G5.7 

05.1 

02.79 

Docember. 

G2.5 

02.2 

01.1 

59.00 

*  IUxlucod  to  the  freezing  point  ami  the  acu  level. 
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Table  VIII.    Comparison  of  the  Height  of  Sea  Surface 
with  the  Barometric  Pressure. 
Japan  Sea  coast.  1902. 


Mouth. 

Relative  Height 
of  oca  burface. 

Relative  Baro- 
metric Pressure 

Relative  Total 
Pressure  at  the 
Sea  Bottom. 

January. 

mm 

mm 



112 

5.94 

193 

February. 

0 

8.7G 

119 

March. 

48 

fi  17 

132 

April. 

88 

13.41 

134 

May. 

191 

2.20 

222 

.Time. 

2<M! 

1.77 

230 

July. 

238 

0.00 

238 

August. 

270 

2.05 

304 

Septombor. 

312 

2.11 

341 

October. 

257 

8.20 

368 

November. 

17(5 

8.98 

298 

December. 

181 

5.93 

2l>2 

As  will  be  seen  from  Table  VI,  the  sea-level  was  lowest  in 
February,  and  highest  in  September  or  October.  The  annual 
amounts  of  fluctuation  of  the  mean  monthly  height  of  sea-level 
at  Ilamada,  Wajima,  Iwasaki  and  Otaru  were  respectively  3U6, 
330,  317,  and  278  mm,  decreasing  from  the  south  to  the 
north. 

From  Table  Vlll,  the  annual  variation  of  the  barometric 
pressure  will  be  seen,  as  in  the  ease  of  the  places  on  the  Pacific 
coast,  to  be  nearly  the  reverse  of  that  of  the  height  of  sea- 
level.    Now  the  amount  of  fluctuation  of  the  mean  monthly 
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barometric  pressure,  averaged  from  the  observations  at  Hamada, 
Wajima,  Aomori,  and  Sapporo,  was  8.98  mm,  which  corresponds 
to  8.08  x  13.0  =  122  mm  height  of  water.  On  the  other  hand,  the 
annual  fluctuation  of  the  mean  monthly  height  of  .sea-level,  averaged 
from  the  observations  at  the  four  places  of  Hamada,  Wajima, 
Iwasaki,  and  Otaru,  was  312  mm.  Along  the  Japan  Sea  coast, 
therefore,  the  fluctuation  of  the  height  of  sea  surface  was  opposite 
to,  and  nearly  2.0  times  larger  than,  the  corresponding  fluctuation 
of  the  barometric  pressure.  In  other  words,  the  sea  bottom  is 
subjected  to  a  greater  total  pressure  in  the  summer  months  tlian 
in  February,  March,  and  April,  the  difference  between  the  maximum 
and  minimum  total  pressures  being  equal  to  249  mm  of  water 
column,  which  is  equivalent  to  18.3  mm  of  mercury,  and  almost 
exactly  twice  the  amount  of  fluctuation  of  the  barometric  pressure. 
The  results  containnd  in  Table  VIII  are  illustrated  in  Figs.  0,7,  and  9. 

Comparison  of  the  observations  on  the  Pacific  aiul  Japan 
Sea  coasts.  According  to  the  observations  in  1902,  the  variations 
during  the  year  of  the  height  of  sea  surface  and  the  barometric 
pressure  on  the  Pacific  and  Japan  Sea  coasts  were  as  follows  : — 


(A).    Amount  of  Fluctuation  of  the  Mean  Monthly  Values.  1902. 


Barometric 

Height  of  Sen 

Total  Pressure 

Mace. 

Pressure. 

Surface. 

at  Sea  Bottom. 

(mercury  column) 

(water  column) 

(water  column) 

Pacific  Coast. 

mm 

in  hi 
248 

mm 

200 

(AyultHWii  and  Miisnki) 

Japan  Sen  Coast  S.9S  312  249 


(Ilnmjulu,  Wiijiiuii, 

t 

lwiuwlu.  Ot.irn). 

1 
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Again  from  the  observations  in  1903  and  1904,  wo  obtain 
the  following  results. 


(B).    Amount  of  Fluctuation  of  the  Mean  Monthly  Values. 
Pacific  Coast.    1903  and  1904. 


FIhco 

Barometric 
Pressure. 

Height  of  Sea 
Surface. 

Total  Pressure 
at  Sea  Bottom. 

(mercury  columu) 

(water  columu) 

(water  column) 

Ayukawa,  Mi 

■yiki . . 

IUIU 

mm 

mm 

1903. 

8.1 

214 

198 

1904. 

fi.3 

236 

224 

The  relation  between  the  height  of  sea  surface  and  the 
barometric  pressure,  which  may  change  from  year  to  year  depends 
without  doubt  on  geograhphical  features  of  a  given  coast.  But. 
according  to  the  two  above  tables,  the  different  fluctuations  were 
contained  within  fairly  uniform  limits,  the  annual  variation  of  the 
height  of  sea  surface  being  from  214  to  312  mm,  and  that  of 
the  total  pressure  at  the  sea  bottom  from  198  to  249  mm. 
There  was  no  marked  difference  in  these  respects  between  the 
Pacific  and  Japan  Sea  coasts.  Taking  the  simple  averages  from 
(A)  and  (B),  we  obtain  the  following  moan  values  of  the  annual 
variation:— 

Barometric  Pressure  8.17  mm  of  mercury  =  111  mm  of  water. 

■  Height  of  Son  Surface  253  mm  of  water. 

Total  Pressure  at  Sea  Bottom .  .  219  mm  of  water. 

Thus  the  amount  of  fluctuation  of  the  total  pressure  at  the  sea 
bottom  was  219  mm,  which  is  greater  than  that  of  the  barometric 


Digitized  by  Google 


Height  of  Sen-Level  along  Jnpuiew  CookM.   2ml  Pajw.  47 

pressure  in  the  ratio  of  197  :  100,  or  very  nearly  in  tho  ratio  of 
2:1.  The  sea  bottom  pressure  is  maximum  in  October  or  Sept- 
ember, and  minimum  in  February  to  April. 

The  increase  during  tho  summer  months  in  the  height  of 
sea  level,  as  al>ove  described,  is  to  be  explained,  partly  by  the 


full  in  that  epoch  of  the  year  of  the  barometric  pressure  over 
Japan  and  the  neighbouring  seas,  and  partly  by  the  presence  of 

'  a  high  pressure  centre  on  the  northern  Pacific  in  tho  vicinity  of 

the  Aleutian  Islands.  Thus,  if  b  and  c  (see  tho  annexed  diagram) 
represents  tho  normal,  or  moan,  level  of  the  sea,  the  latter  will 
be  depressed  to  b'  and  c  through  the  influence  of  the  high 
pressure  area  at  c,  and  elevated  along  the  coasts  of  Japanese 
Islands  under  the  influence  of  tho  low  pressure  at  a,  tho  result- 
ing equilibrium  surface  of  water  being  a  curved  form,  b'  and  c'. 
Similarly  the  decrease  of  the  height  of  sea  level  in  the  winter 
months  is  to  bo  explained  by  tho  rise  of  tho  barometric  pressure 
over  Japan  and  the  presence  of  a  low  pressure  centre  on  the 
Northern  Pacific.    It  is  probable  that  the  co-cxistence  of  the 

*  centres  of  high  and  low  barometric  pressures  respectively  over 

the  land  and  the  ocean  (or  rice  versa)  causes,  by  the  superposition 
of  tho  effects,  the  amount  of  the  annual  variation  of  tho  height  of 
sea  to  bo  approximately  double  that  of  the  atmospheric  pressure. 

Seismic  frequency  and  total  pressure  at  sea  bottom* 
To  compare  tho  annual  variation  of  the  frequency  of  earthquakes 
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of  submarine  origin  with  that  of  the  total  pressure  at  sea  bottom, 
I  indicate  in  the  following  table  the  mean  monthly  percentage 
numbers  of  earthquakes  for  Nemuro,  Miyako,  Ishinomaki,  Kochi, 
and  Hamada ;  the  figures  being  based  on  the  data  given  in  the 
"  Publications  of  the  Earthquake  Inv.  Comm.",  No.  8.  Of  these 
five  places,  each  of  which  is  disturbed  mostly  by  earthquakes  of 
submarine  origin,  the  first  four  aro  situated  on  the  Pacific  coast 
of  Japan,  and  the  remaining  one  on  the  Japan  Sea  coast. 

Table  IX.    Annual  Variation  of  Seismic  Frequency. 


Mouth. 

1 

Nemuro. 

Miyako. 

Jshino- 
mnki. 

Kochi. 

i 

Hamada. 

Mam. 

January. 

0.5 

(5.2 

4.1 

0.9 

0.8 

5.9 

February, 

0.5 

4.4 

5.7 

11.7 

0.8 

0  5 

March. 

7.7 

8.1 

5.3 

9.3 

fi.8 

7.8 

April. 

7.8 

10.0 

8.1 

9.3 

3.3 

H.l 

May. 

9.4 

r,.9 

8.1 

4.8 

3.3 

7.1 

.Tuue. 

D.4 

9.0 

7.5 

10.5 

3.3 

8.2 

July. 

9.0 

12.2 

11.5 

8.1 

3.3 

9.8 

August. 

H.O 

12.1 

13.2 

0.9 

13.3 

10.9 

September. 

8.4 

5.3 

10.5 

5.7 

10.0 

8.0 

()ctol>er. 

9.4 

9.7 

8.4 

8.1 

20.0 

10.4 

November. 

8.4 

9.0 

11.0 

8.1 

10.0 

9.4 

Deceraljer. 

8.8 

C.9 

0.8 

10.5 

13.3 

8.0 

The  meant  seismic  frequency,  given  in  the  last  column  of  the 
alx>ve  table,  has  been  deduced  from  the  figures  for  the  five 
different  places  ;  the  weight  of  the  data  relating  to  Kochi  and 
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Hamada,  whoso  earthquake  numbers  wore  not  numerous  enough, 
Ixa'ng  taken  as  half  of  that  for  the  others.  The  annual  variation 
of  the  moan  seismic  frequency  thus  obtained  is  illustrated  in 
Fig.  II,  while  that  of  the  relative  total  soa  bottom  pressure, 
deduced  by  taking  the  moans  of  the  results  relating  to  the 
I'aeifie  and  Japan  Sea  coasts  is  illustrated  in  Fig.  10 

From  a  comparison  of  Figs.  10  and  11.  it  will  1m>  seen  that 
the  frequency  of  submarine  earthquakes  follows,  on  the  whole, 
the  variation  of  the  total  pressure  at  the  sea  bottom.  Thus,  the 
earthquake  number  is  minimum  in  January  and  February,  and 
maximum  in  August,  and  the  sea  bottom  pressure  is  minimum  in 
February  to  April,  and  maximum  in  Keptomter  and  October. 

Stronger  earthquake*  of  niibmarine  origin.  The  seismic 
frequencies  considered  in  the  preceding  §  relate  essentially  to 
small  ordinary,  or  non-destructive,  earthquakes  and  may  there- 
fore, in  their  annual  variation,  lie  different  from  those  of  shocks 
which  are  large.  Thus,  for  instance,  taking  the  319  stronger 
earthquakes,  which  happened  between  1902  and  1900  oft"  the 
coasts  of  Japan,  and  whose  land  area  of  disturbance  was,  with 
a  few  exceptions,  greater  than  1.000  square  rr\  we  find:  — 

Table  X.    Annual  Variation  of  Stronger  Submarine  Earthquakes. 


Month. 


Numlicr  of 
Eqkft*. 


Month. 


Numlter  of 
Eqkea. 


January. 
February. 


25 
39 
25 
19 
28 
21 


July. 
August. 


27 
22 
28 
20 
27 


March. 
April. 
May. 
June. 


Septeinlmr. 
October. 


Novomlier. 
Decemlier. 


•  1  ri  =  3.iW7kin.  nearly. 
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The  annual  variation  of  those  larger  submarine  earthquakes, 
illustrated  in  Fig.  12,  indicates  the  maximum  in  February,  and 
is,  on  the  whole,  opjxisite  to  that  of  the  small  shocks. 
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Fig.  1.   Map  of  Japan. 
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Annual  Variation  of  the  Height  of 
Sea  Surface  and  the  Atmospheric  Pressure. 

Japan  Sea  Coast,  igo2. 


Fig.  7.   Height  of  Sea  Surface. 
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Annual  Variation  of  the  Total  Pressure 
at  the  Sea  Bottom. 


Annual  Variation. 
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(mm) 


Fig.  10. 
Relative  Total  Preiwiire 
lit  Sea  Uottom.  (Pacific 
and  Japan  Sea  Coast.) 
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Fig.  11.    Eqke  Frequency. 
(Nemiiro,  Miyako, 
Ishinoraaki,  Kochi, 
and  Hamada). 
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Fig.  12. 
Frequency  of  Strong r 

Eqkes  of  submarine 
origin.  (Whole  Japan.) 
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Note  on  the  Annual  Variation  of  the  Height 
of  Level  of  Lake  Biwa. 

My 

V.  Omori,  So.  IK 

Member  of  tbo  Imperial  Earthquake  Investigation  Committee. 

With  Pis  XX-XXI. 


The  Luke  of  Biwa*.  in  the  province  of  Omi,  is  the  largest 
of  the  sort  in  Japan  and  is  situated  near  the  middle  of  the  Main 

'  Island  ;  its  surface  boing  about  80  metres  alnjve  the  mean  sea 

level,  and  its  area  40.5  square  rtj,  or  717.2  sq.  km.  The  observa- 
tion of  the  water  level  along  the  coast  of  the  lake  was  made,  during 
the  12  years,  1803-11)04,  at  22  stations,  to  winch,  since  1005,  nine 
more  were  added.;  the  datum  line  being  282.53  shaku  or  85.01  metres 
above  the  mean  sea  level  at  Tenpo-sau,  Osaka.  The  mean  height 
of  the  surface  of  the  lake  water  for  each  month  during  the  14 
years,  181)3-1000,  obtained  by  taking  the  average  of  the  measure- 
ments at  the  different  places,  is  given  in  Table  I. 

From    Table  1  it  will  be  observed  that  the  water  was 
highest  mostly  in  December  and  January ;  tho  amount  of  the 

»  fluctuation,  or  the  difference  between  the  maximum  and  minimum 

monthly  heights,  varying  between  K.18  shaku  (  =  248  cm)  and  1.40 
shaku  (  =  42  cm.).    The  extreme  monthly  heights  of  the  water  level 

«  An  mwHitit  of  thu  isirilMiwikt;  xonrat  wound  th«   JHwn  Liiko  hiw  been  given  in  tho 

JMittin,  v..l.  i,  Nh.  a. 

f  1  ri  =  :«  .7.D-2.1  miles,  or  3.U27  km. 
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and  their  diflerence  in  each  of  the  14  yours  under  consideration 
arc  given  in  Table  II. 


Table  I.    Mean  Monthly  Height  of  the  Level  of  Lake  Biwa*. 

1X!)3-1900\ 


MnnUi 
V»i. 

I 

11 

"' 

IV 

■ 

V 

VI 

VII 

vm 

IX 

XI 

XII 

1893 

2.74 

2.H2 

2  08 

3.71 

:i.93 

3.90 

2.G2 

1.70 

2.H0 

2.09 

2.80 

2.41 

2  81 

1891 

2.21 

2.15 

2.4!) 

3.41 

3.47 

2.30 

1.35 

0.77 

0.0G 

0.28 

0.20 

0.28 

1.01 

1 895 

i  h  11U 

U.iJM 

AMI 

A.vJ 

1.1  K 

*i  i*> 

I*  lu 
It,  In 

■1  .Ml 

oAlu 

2  84 

A  HI 

1.11 

A.  1 1 

18  m 

1.54. 

1.79 

2.31 

3.23 

3.20 

2.42 

3.02 

5.03 

9.74 

7.22 

1.51 

3.73 

1.20 

mi 

3.05 

2.92 

2.07 

3.52 

3.08 

3.05 

2.80 

2.05 

2.59 

3.72 

2.21 

1.77 

2.80 

1898 

i.ao 

2.30 

2.40 

2.28 

1.95 

2.12 

2.09 

1.52 

1.71 

1.50 

0.9  j 

1.13 

1  87 

1899 

1.07 

2.19 

3.45 

3.07 

2  21 

2.02 

2.15 

1.83 

3.18 

4.29 

2.95 

1.79 

2  57 

1900 

1.49 

1.(12 

l.OO 

2.72 

3.10 

1.93 

1.70 

1.02 

1.80 

2.77 

2.23 

1.90 

2.05 

nun 

1.74 

1.4H 

1.25 

1.71 

1.41 

0.70 

2.50 

1.70 

0.83 

0.24 

0.17 

0.04 

1.10 

1902 

-0.05 

0.00 

0.17 

1.10 

2.23 

199 

1.02 

2.33 

1.15 

1.23 

0(1 

-0,11 

101 

1903 

0.31 

1.78 

0.83 

2.10 

2.40 

2.31 

4.27 

2.90 

0.52 

0.541 

0.35 

043 

1.50 

v.m 

0.45 

0.24 

0.58 

0.48 

0.91 

0.91 

2  22 

1.24 

1.52 

1,92 

0.91 

0.80 

1.02 

11105 

1.33 

1.11 

1.09 

1.37 

1.17 

1.29 

2.93 

2.30 

1.73 

0.37 

0.08 

-41.02 

1.30 

1000 

1.00 

1.55 

1.90 

1.27 

0.01 

O.07 

2.01 

1 

1.17 

1.05 

1  55 

1.25 

0.78 

1.23 

Mum, 

1.43 

1.00 

1.88 

2.31 

2.32 

1.94 

2.05 

2.36 

2.32 

2.23 

1.52 

1.17 

1.98 

*  Tin-  Wi^litx  an;  <  x|>n*w<l  in  iM «  (1  *l.nt  it  -  Metre),  (he  (latum  line  bciti.n 
282.53  slviku  nlxjve  (be  mean  Hen  level  at  Tcnim-sun,  Osaka. 
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Annual  Variation:  the  Height  of  Surface  of 
Lake  Biwa  compared  with  the  Amount  of 
Precipitation  and  Barometric  Pressure. 
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Fig.  1.    Height  of 
the  Surface  of 
Ijike  Biwa. 
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Fig.  2. 
Precipitation  at 
Hikone  and  Kyoto 
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Fig.  3. 
Barometric 
Height  at  Hikone. 
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Annual  Variation  of  the  Seismic  Frequency 
and  the  Pressure  at  the  Lake  Bottom. 


Fig.  4.    Seismic  Frequency  at  Hikooe. 


Fig.  5.    Total  Treasure  at  the  Lake  Bottom. 
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Table  II.    Maximum  and  Minimum  Heights 
of  the  Lake  Water. 


Year 

Maximum  Height. 

! 

Minimum  Height. 

Differeuce. 



1893 

1  7*5 

2.17 

1894 

3.47 

(   «  ) 

0.20 

(Nov.) 

3.27 

1895 

(5.18 

(Aug.) 

0.01 

(Jau.) 

5.57 

1890 

9.71 

(Sept.) 

1.50 

(   »   )  ; 

S.18 

1S07 

3.9S 

(May) 

1.77 

(Dev.) 

.1  O  1 

2.  .21 

1898 

2.09 

(July, 

0.90 

(Nov.) 

1.73 

1899 

4.29 

(Oct.) 

1.07 

(Jan.) 

2.02 

1900 

3.10 

(May) 

1.49 

1  ) 

1.07 

1901 

2.™ 

(July) 

0.01 

(DtHj 

2.52 

1902 

2.33 

(Aug.! 

-0.11 

(       M  ) 

2.14 

1903 

1.27 

(Julv) 

0.31 

(Jan.) 

3.90 

1904 

2.22 

(  /) 

0.21 

( Feb.) 

1.98 

190,1 

2.93 

(   ••  ) 

0.02 

(Dot-.) 

2.95 

1900 

2.01 

(    »  ) 

0.01 

(May) 

1.40 

In  the  following  table  I  give  the  average  heights  of  the  lake 
water  for  the  different  months  of  the  year  deduced  from  Table 
1,  and  also  the  mean  monthly  barometric  heights  observed  at  the 
meteorological  observatory  of  llikone,  which  is  situated  on  the 
south-eastern  coast  of  I^ike  Biwa. 
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Table  HI.    Annual  Vaiiations  of  the  Height  of  take  Water, 
and  of  the  Barometric  Pressure  at  llikone. 


Ijike  Level 

Barometric  Pressure. 

Total  pressure  at 
the  Lake  Bottom. 

\  \  I  It  it, ll 
All  I'll  I'll* 

Height. 

<») 
K.liUive 
]  [fight. 

(iii) 
Monthly 
menu. 

(iv) 

Vnrintw  m 

»  III  M»l  <*  M  1 . 

(V) 

Hume  iih 
(iv),  i>x|>rvH»u<i1 
in  otiuivnl«nt 
column  of 
wntcr. 

(vi) 
Sum  of 
(ii)  und  (v) 

(vii» 

KclntlVr 

Vnriulion. 

1 

1 

thnku  .  'hnttu 

1.43    ,  0.26 

m  m 

7(>4.5 

mm 

(3.9 

0.31 

rhnk  at 

0.57 

0.25 

11 

1.(5(5 

0.49 

(I-l  7 

7  1 

0  81 

0  49 

HI 

1.8H 

0.71 

(53.9 

(5.3 

0.28 

(1.99 

0.67 

IV 

2.31 

1.14 

(51.9 

4.3 

0.19 

1.33 

1.01 

V 

2.32 

1.15 

59.8 

2.2 

0.10 

1.25 

0.93 

VI 

1.94 

0.77 

57.(1 

0.0 

0.00 

0.77 

0.45 

VII 

2.155 

1.48 

67.(5 

0.0 

0.00 

1.18 

1.16 

Mil 

2.3(1 

1.19 

57.8 

0.2 

o.ol 

1.20 

0.88 

IX 

2.32 

1.15 

59.H 

O  •) 

0.10 

1.25 

0.93 

X 

2.23 

1.06 

(J3.0 

5.1 

0.24 

1.30 

0.98 

XI 

1.52 

0.35 

(51.8 

7.2 

0.32 

0.(57 

0.35 

XII 

1.17 

0.00 

154.7 

7.1 

0.32 

0.32 

0.00 

With  regard  to  the  annual  variation  of  the  lake  level,  we 
see,  from  (ii).  Table  HI,  that  the  difference  l>etween  the  maximum 
and  minimum  monthly  heights  was  1.48  ahaktt  (=11.'.)  cm.),  the 
corres|joiiding  change  in  the  volume  of  the  water  of  the  lake 
being   lo"x3.*J2  cubic  metres  or  about  0.3*Jl2  cubic  km. 

As  will  be  seen  from  the  graphical  illustration  in  Fig.  1 
(1M.  XX),  the  level  was  higher  in  April  to  October  than  during 
the  other  months,  and  its  annual  variation  is  nearly  opposite  to 
that  of  the  barometric  pressure  (Fig.  ■_').    The  amount  of  lluctua- 
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tion  of  the  monthly  mean  of  the  latter  is,  however,  only  7.2  mm 
*  of  mercury  (=0.32  shaku  of  water),  or  about  one-fifth  of  that  of  the 

former ;  the  annual  variation  of  the  lake  level  depending  probably 
almost  entirely  on  the  precipitation  in  the  surrounding  districts. 

The  following  table  gives  the  average  monthly  amount  of 
precipitation  at  Ilikone  and  at  Kyoto,  the  latter  place  In'ing 
situated  some  distance  to  the  south-west  of  the  Lake  of  Biwa. 


Table  IV 

Precipitation 

at  Hikone  and 

Kyoto. 

Month. 

Ilikoni' 

Kyoto 

Menu 

mm 

nan 

111  Ml 

J.inuiiry 

76.8 

fi2.4 

ot.o 

IVbroiiry 

107.4 

02.7 

8r,.l 

Miuvh 

145.0 

114.3 

129.7 

April 

120.1 

108.:] 

147.2 

May 

77.0 

148.3 

112.7 

Juno 

188.7 

240.fi 

214.6 

July 

135.fi 

182.7  lfiO.l 

August 

189.7 

120.9 

155.3 

Soptomlwu- 

93.4 

lfi7.4 

125.4 

Octolior 

137.4 

135.8 

136.6 

Novomlx»r 

82.7 

86.(5 

84.7 

DtH'omlx1!- 

lui.r, 

50.1 

75.8 

As  illustrated  in  Fig.  2,  the  annual  variation  of  the  precipi- 
tation at  Kyoto  and  Ilikone  is  very  similar  to  that  of  the  height 
of  the  lake  surface  (Fig.  1). 

Annual  variation  of  *etfnntc  frequency  at  Hikone' 
The  monthly  number  of  oarthquakoa  observed  instrumentally  at 
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the  meteorological  observatory  of  Hikone,  between  1804  and 
1007,  are  as  follows. 


Table  V.    Monthly  Earthquake  Xuml>crs  at  Hikone. 


Monlh. 
V««r. 

I 

! 

IT 

III 

IV 

1 

V 

VI 

VI! 

vni 

i 

IX 

i 

X 

XI 

XII 

20* 

o 

ft 

•J 
* 

7 

u 

1 
* 

4 

a 

„ 

0!) 

11 

1 

a 

« 

a 

i 

i 

7 

7 

2 

c 

51 

mtc 

4 

1 

a 

10 

(i 

:> 

M 

1 

1 

1 

a 

5* 

1897 

:» 

:i 

4 

7 

:i 

■ 

„ 

G 

i 

i 

* 

2 

1 

a 

31 

18118 

1 

0 

0 

1 

2 

n 

0 

ii 

4 

0 

1 

a 

0 

10 

1*W 

:l 

a 

« 

1 

•J 

6 

a 

l 

<> 

(I 

4 

1 

2»i 

11)00 

l 

ii 

1 

a 

3 

a 

1 

:) 

r. 

7 

3 

31 

1901 

2 

a 

1 

1 

i 

l 

a 

it 

a 

» 

4 

0 

1ft 

J!)02 

a 

> 

:* 

0 

a 

: 

: 

1 

l 

1 

0 

1!» 

vm 

i 

i 

:i 

" 

1 

0 

»» 

1 

12 

l 

0 

1 

1 

3 

0 

1 

l 

i 

1 

D 

12 

I'jo:. 

i 

i 

1 

0 

» 

4 

i) 

5 

i 

4 

n 

3 

ao 

VJOtt 

r. 

1 

5 

* 

3 

."i 

l 

a 

1) 

0 

32 

1!W7 

l 

4 

3 

H 

5 

l 

1 

i 

1 

0 

33 
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As  shown  in  Fig.  4  (1*1.  XXI),  the  annual  variation  of  the 
seismic  frequency  at  ITikone  indicates  the  maximum  in  August, 
differing  in  this  respect  from  those  for  the  other  stations,  such 
as  Kyoto,  Xagoya,  and  Kumamoto,  which  are  shaken  more  by 
earthquakes  of  inland  origin,  and  whose  seismic  frequency  is 
generally  minimum  in  Summer^.    Xow,  according  to  Table  III, 

•  Fxclwlnl  iu  iltMtU'iiiK  the  menu  fre«[ueiiey,  Im-hir  ilne  to  the  n1mn«1nncft  «if  after-KhuekM 
of  the  severe  Mino-Ownri  enrthqiuike  of  .Inn.  10,  1804. 
J  See  the  "  IliblhntkmH,"  No.  8. 
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the  total  pressure  at  the  lake  bottom,  or  the  sum  of  the  water 
and  atmospheric  pressures,  is  maximum  in  July,  and  its  annual 
variation  is  somewhat  similar  to  that  of  the  height  of  the  water 
level.  The  change  of  pressure  at  the  bottom  of  the  lake,  whose 
mean  annual  amplitude  is  1.10  sliaku  (=35  cm),  or  3.0  times 
greater  than  that  of  the  barometric  pressure,  may  possibly  be 
the  cause  of  the  annual  variation  of  the  seismic  frequency  pecu- 
liar to  Ilikone. 
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List  of  the  Stronger  Japan  Earthquakes, 

1902-1907. 

By 

F.  Omori,  Sc.  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

The  total  number  of  earthquakes,  which  originated  in  or  . 
about  Japan  duriug  the  last   six  years,  1002   to  1907,  was 
0,028,    giving    the    average    yearly    frequency    of    1,605,  as 


follows . — 

Your.  Xnmber  of  eqkeH. 

1902     1,488 

1903   1,349 

1904   1,230 

1905   1,963 

1906   1,792 

1907   1,806 


Among  these  earthquakes  which  were  mostly  slight  and  local, 
there  were  (521*.  which  were  extensive,  and  whose  land  area  of 
motion,  as  observed  with  ordinary  Gray-Ewing-Milne  type  seis- 
mographs, was  over  1,000  square  ri  (1  ri= 3.027  km).  The  an- 
nual frequency  of  these  larger  earthquakes  varied  between  70 
and  132,  as  follows: — 

*  Including  a  few  typical  eartluinnkes  of  inlan.l  origin,  whose  ivrea  wan  between  500  au.l 
1,000  m\.  ri. 
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Monthly  and  Yearly  Numbers  of  Larger  Earthquakes. 
AVliole  Japan.  1002—1907. 


\.  lwir. 
Month.  \^ 

1902 

1903 

1904 

1905 

19(X! 

i 

1907 

Sum. 

Jnmuiry. 

r 
it 

2 

7 

■ 

14 

( 

7 

7 

1  r 

45 

Febnmry. 

1.1 

2 

14 

8 

pr 
•  » 

it.i 

Murcli. 

11 

10 

10 

<; 

20 

15 

72 

April. 

4 

5 

9 

7 

14 

12 

51 

May. 

13 

2 

10 

5 

19 

9 

5S 

June. 

4 

9 

29  • 

3 

4 

54 

July. 

s 

10 

13 

14 

- 

8 

GO 

August. 

7 

8 

9 

10 

,! 

U 

September. 

8 

8 

»', 

13 

5 

8 

48 

i  wtouer. 

3 

8 

12 

12 

11 

50 

Xovemlwr. 

7 

5 

c 

5 

10 

9 

42 

Decemlwr. 

8 

0 

0 

11 

0 

7 

44 

Sum. 

95 

7G 

89 

132 

128  101 

021 

The  unusually  large  monthly  number  of  20  for  June  1905  (marked 
with  an  asterisk)  was  duo  to  the  occurrence  of  the;  strong  0-shima 
and  Inland  .Sea  earthquakes  and  their  after-shocks.  The  average 
yearly  seismic  frequency  is  about  104,  or  at  the  rate  of  nearly 
twice  per  week. 

The  land  area  of  sensible  motion  of  the  021  earthquakes 
under  consideration  varied  between  about  100  sq.  to  over  20,000 
sq.  /•*,  the  numbers  of  the  shocks  of  different  extension  being  as 
shown  in  the  following  table. 
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Xuml>ers  of  Earthquakes  of  Different  Land  Areas  of 

Sensible  Motion. 


Laud  area  of  sensible 

Number  of 

I^and  area  of  xuiusihle 

Number  of 

motion. 

earthquakes. 

motion. 

earthquakes 

..  —  — 

»q.  rl. 

—  



Tinder  500 

58 

7,501—  8,000  * 

fi 

5(11—1,000 

112 

8,001-  8,500 

7 

1,001  -1,500 

80 

8  501—  9  000 

4 

1,501—2,000 

82 

Q  001—  9  500 

1 

2,001  -2,500 

59 

9  501 — 10  000 

1 

2,501-3,000 

30 

10,001-  10,500 

3 

3,001-3,500 

35 

10,501— 11, 000 

4 

3,501—4,000 

23 

11,001—11,500 

1 

4,001  4,500 

22 

11,501—12,000 

2 

4,501-5,000 

1(5 

12,001-12,500 

1 

5,001—5,500 

15 

12,501— 13.0(H) 

0 

5,501—0,000 

19 

13,001—13,500 

0 

G,001-  (5,500 

8 

13,501—14,000 

1 

6,501-7,000 

10 

14,001—14,500 

1 

7,001—7,500 

7 

14,501—15,000 

0 

20,501— 21, (KM) 

i 

Confining  our  attention  to  those  earthquakes,  whose  land  area 
of  sensible  motion  was  over  f>00  sq.  W,  we  see  from  the  above 
table  that  the  areas  of  the  majority  of  these  me  included  between 
501  and  6,000  sq.  ri.  Especially,  the  earthquakes  of  the  area 
between  501  and  2,000  sq.  ri  were  numerous,  and  their  total 
number,  namely,  280,  is  very  nearly  equal  to  that  of  all  the 
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shocks  of  the  area  between  2,001  ami  21,000  sq.  ri,  namely,  283. 
Very  extensive  disturbances  happened  of  course  not  very  frequently, 
anil  there  were  only  10  earthquakes,  whose  area  of  sensible 
motion  was  over  0,001  sq.  ri. 

PI.  XXII  graphically  illustrates  the  variation  of  the  frequency 
of  earthquakes  of  tin?  different  land  areas  of  sensible  motion. 
The  mean  curve  seems  to  Ik*  approximately  a  logarithmic  curve, 
Incoming  quickly  asymptotic-  with  the  increase  of  the  area. 

The  accompanying  list,  which  has  been  compiled,  with  a  few 
corrections,  from  the  seismological  notes  in  the  successive  monthly 
num  tiers  of  the  "Kisho  Yoran  "  (Weather  Jleeieic)  published  by 
the  Central  Meteorological  Observatory,  gives  for  eacli  of  the  021 
strong  and  moderate  earthquakes  under  question,  the  following 
particulars  : — 

(1)  .  Date. 

(2)  .    Approximate  time  of  earthquake  ocimrenco  at  the  epicentre. 

The  timo  used  is  that  of  longitude  135°  E.  of  Greenwich,  namely, 
the  1st  Normal  Japan  Time. 

(3)  .     Approximate  Judication  of  the  position  of  the  earthquake  origin. 

(I)  ,  (">).    Longer  and  shorter  axes  of  Die  luud  area-,  within  which  the 

motion  was  intense  enough  to  1>e  recorded  by  the  ordinary  Gray- 
Kwing-Milue  type  seismographs,  the  seismic  disturbance  lwing 
sensible  only  in  a  portion  of  the  region  tlius  determined. 

(ti).    Land  of  disturbance  of  strong  motion. 

(").        „    „  moderate  „ 

<8)   „  .,  digit 

(II)  .    Totaljtand  area,  within  which  the  earthquake  motion  was  sensible 

this  being  <*|uivalent  to  the  sum  of  (<>),  (7),  and  (8). 
The  length  and  area  are  expressed  in  /•/*  and  square  ri  respec- 
tively.   These  may  be  converted  into  kilometers  and  miles  by 
the  following  relations  : — 
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F.  Omori : 


j      1  W=3.93  km =2.44  miles. 

(1  »j.  ri= 15.42  sq.  kin=r>.«X>  «q.  miles. 

For  the  names  and  positions  of  the  different  provinces,  the  reader 
is  referred  to  the  key  map  of  Japan  given  in  the  "  Bulletin," 
Vol.  I,  PI.  XX VII. 

The  intensity  of  ordinary,  or  non-destructive,  sensible  motion 
is  hero  indicated  as  "  strong,"  "  moderate,"  or  "  slight."  A 
"  slight "  shock  is  one  which  is  very  feeble  and  just  strong 
enough  to  b«>  felt  ;  a  "  moderate  "  shock  is  one  whose  motion  is 
well  pronounced,  but  not  so  severe  as  to  cause  general  alarm  ; 
and,  finally,  a  "  strong  "  shock  is  one  which  is  sufficiently  intense 
to  cause  people  to  run  out  of  doors,  to  throw  down  furnitures, 
to  produce  slight  cracks  of  walls,  etc. 

I'd  I  STKOXCiEK  JAPAN  EARTHQUAKES.  1902-1907. 


(1) 

l'2) 

(:») 

Totnl  rerun 
t* 

■liHtmlmncv. 

Ami  of 
(u-UHihle  niotiuQ. 

Dat-. 

Time-  of  •■ 
ncvunvnce. 

i 

Origin  of  ^ 

lliHtUrlwl»<f .  Lo1)R*r 

■  »\\* 

<» 

Shorter 
».xl» 

(«) 
Strung 

motion 

(7) 

P> 

Sura 

1902 

j 

W. 

ri. 

Hq.  ri 

HC|.  »  t' 

MCI,  «' 

sq.  ri 

Jan.  1 

n.ln. 

Off  »lH'  F..  ITJIINC  of  MutKU. 

250 

100 

400 

2.700 

3,1110 

:t 

1  40 

n.m. 

fllonnilnry  lwtwt-en  Kii  anil 
|  Vumatii. 

140 

HO 

1U0 

aw 

1.230 

1.H0O 

I 

(>  0i» 

n.m. 

OH  tlx-  conM  of  Hitachi. 

100 

120 

1.050 

3.S50 

4,uoo 

"< 

4  04 

l>m. 

Vicinity  of  Hit-.  (Hitachi). 

70 

60 

230 

1.500 

1.750 

14 

0  01 

n.m. 

S.  |»trt  of  in<li\. 

110 

70 

250 

2,550 

•2.H00 

IT 

4  in 

n.m. 

Central  |«rt  of  Nnsjnnii. 

1IJ0 

50 

70 

230 

1,500 

l.wo 

IM 

4  an 

a.m. 

Off  tlw  K.  IXJIUit  of  MlltMI. 

250 

110 

200 

1.U00 

4,850 

o.aso 

2'J 

11  25 

p.m. 

„  itiutt  of  Hitachi. 

2fM> 

100 

1.450 

5.000 

7.050 

30 
:u 

11  01 
10  42 

I'.m 
a.m. 

1  ,.     ..  E.  crnuit  of  Mutxu, 
f  =  3!fWN*.A  =  14H°:U'E. 
Off  the  comet  of  Mntmi. 
♦=4r/5CN,A=U4'13'K. 

330 
2S0 

250 
•220 

'2.000 
•1.-.0 

5,400 
3,050 

0,300  13.700 
0,000  lO.fiOO 
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(1) 

D&to. 

(2) 
Time  of 

(3) 
Origin  of 
<UHmriMnc^, 

Total  arm 
of 

disturliance. 

Area  of 
msnaible  motion. 

{*) 
I*ootrr 
axil 

(5) 
Shorter 
axil 

(6) 

Strong 
mo'.loti 

17) 

MrHtrait 

motion 

(8) 
motion 

<») 
Sum 

1902 

ri 

ri 

 ' 

m\.  ri 

Hip  ri 

«cp  ri 

»q.  ri 

Feb.  2 

a.m. 

Off  the  raiKt  of  Rikiicbu. 

120 

00 

1,9U> 

6 

7  18 

a.m. 

City  of  Kumniuoto  (Higo.) 

00 

20 

40O 

WW 

tin 

Of  V 

970 

9  05 

l»m. 

70 

110 

1  IRfl 

i,.mo 

7 

10  01 

pjn. 

Off  the  E.  tW  of  Mnt*u. 

180  100 

270 

*1  #17fi 

•  i,'JH> 

H 

o  :ti 

pm 

<»f  Ncitiuro. 

80  50 

190 

to 

400 

090 

11 

11  50 

p.m. 

liny  of  Ownri. 

40 

20 

i 

— 

190 

420 

610 

17 

8  30 

p.m. 

Off  the  curt  of  Hitachi. 

100 

80 

— 

580 

i.:wo 

1.960 

20 

10  50 

a.m. 

Hnthijo-jima. 

190 

ISO 

— 

050 

0,550 

7.200 

21 

0  35 

a.m. 

Off  the  E.  conM  of  Mntsn. 

2«0 

170 

370 

2.900 

74ti0 

10.730 

" 

8  29 

am. 

Do. 

200 

no 

10 

1,000 

4.580 

5.590 

20 

10  19 

n.m. 

Off  the  con*t  of  KikiuhO. 

190 

130 

— 

770 

2,000 

3.430 

27 

0  01 

P.m. 

Hi.Uk... 

130 

80 

— 

221) 

2,330 

2550 

tt 

11  18 

pm. 

Iwnki. 

140 

60 

00 

020 

2..VJ0 

3.241) 

28 

5  41 

p.m. 

X.  part  "f  I**'- 

40 

30 

— 

300 

980 

1,280 

March  1 

1  is 

1  .HI 

Off  the  <H<i*t  of  Kilnichu. 

140 

120 

•tun 

8  23 

p.m 

X.  jwrt  of  Ynnwti>. 

70 

50 

90 

330 

1,330 

1.750 

9  13 

n.m. 

Vicinity  of  Hnhnm  (ShimiMi). 

180 

100 

— 

1.500 

0,550 

8,050 

10  37 

p.m. 

T»ugaru  Strait. 

110 

70 

10 

430 

2,550 

2.990 

r, 

9  35 

p.m. 

Kii  Channel. 

50 

30 

90 

190 

650 

930 

10 

2  35 

p.m. 

W.  pnrt  of  Hitachi. 

150 

120 

2,000 

3,970 

5.97D 

12 

10  48 

n.m 

T'mga  ('luitmel. 

70 

61) 

190 

1,500 

1,691) 

20 

10  59 

n.m. 

Tniniin  (Formiwi). 

500 

200 

50 

200 

2,250 

2,500 

•  ■ 

11  19 

n.m 

I>>. 

200 

100 

0041 

1,400 

2.000 

23 

0  17 

p.m. 

Central  part  of  Sittsn. 

90 

60 

70 

1,550 

1.590 

3.210 

25 

2  35 

p.m. 

Vicinity  of  Hnbum  (Shimowi). 

220 

180 

240 

2,520 

5.150 

7,910 

April  1 

5  32 

n.m. 

E.  pnrt  of  Sagntui. 

100 

40 

240 

2.290 

2.530 
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(1) 

Date. 

(2) 

(3) 

Total  area 
of 

■  listnrtximv. 

Area  of 

Time  of 
»Kvnrrenee. 

Origin  of 
disturbance. 

(4) 

l.<incf>r 

(5) 

8nmr 
•Six 

(6) 
fttnmo 
motion 

(7) 
il.irrat' 
motion 

(8) 
s\io>>t 
inoUun 

(») 

Stun. 

ion? 

Anril  5 

7I'23BI  p.m. 

f  Hay  of  Tokyo. 

1    •  =  35s  2(V  N.  A  =  139'  4V  E 

ri 
130 

ri 
100 

Bq.  ri 

nq.  ri 
2.0.  >0 

ni|.  ri 
3,580 

sij.  ri 
o.nJii 

r, 

•2  13 

14  lit. 

J  Bay  of  Tokyo 

1    ?=35'  31' N,  A  =139'  49*  E 

70 

60 

K/O 

1,130 

-,l  K  H 1 

19 

a  n 

a.m. 

\  rairt  of  Mi  no 

70 

50 

30 

270 

1,450 

May  2 

l>.m. 

Off  the  a»mt  of  Rikmhu. 

•250 

•200 

1,300 

2.750 

4,110 

5 

A.m. 

Knritn-cunnty,  Iwnki. 

60 

40 

10 

210 

800 

1,050 

« 

H  33 

u.m. 

Off  the  E.  eoart  of  Kii. 

100 

40 

320 

1.760 

2,0* 

s 

11*19 

a.m. 

Vicinity  of  TniicRu-shimu. 

•200 

100 

740 

1.170 

2.710 

4,620 

15 

7  3H 

a.m. 

Viciuity  of  Kasumigu-nru. 

40 

30 

70 

210 

870 

1.150 

1(! 

9  39 

a.m. 

KoHhi-oonnty,  Ethi^o. 

90 

00 

110 

2,620 

3.050 

17 

i  ift 

p.m. 

Off  the  eoort  of  Hitmhi. 

90 

70 

3(50 

1.320 

1,680 

•24 

.J  iw 

a  m. 

•v  iwn  or  iHe. 

no 

50 

40 

530 

870 

1.440 

ii  :m 

p.m. 

-> .  pun  OI  1m*. 

1  ( U\ 
11 *) 

oU 

Uv 

1,570 

•~>  T>0 

ST. 

H  -2!) 

p.m. 

MinnmitHnrn  county,  Kai. 

1G0 

130 

390 

1,020 

3,810 

5,820 

0  1)7 

p.m. 

Do. 

120 

HO 

110 

790 

3,420 

4,320 

»• 

10  15 

p.m. 

Do. 

70 

50 

70 

370 

1,610 

2,050 

•28 

<i  02 

p.m. 

S.  part  <if  KiiMhin. 

3:0 

200 

430 

1,560 

5,050 

7.640 

.June  2 

0  '2K 

p.m. 

Off  the  S.  amid  of  Kii. 

120 

HO 

200 

900 

1,1.00 

2,660 

13 

9  -2-2 

a.m. 

Off  the  S.  tiMHt  of  Kibdiim. 

■too 

200 

•too 

1,500 

6.100 

7.900 

20 

5  49 

p.m. 

Sano  (ShimutHiike). 

1H0 

150 

470 

1,64*0 

6.170 

8,300 

-211 

7  42 

u.m. 

(Hay  of  Tokyo. 

1    T=35'  26'N.  A  =  139s  50'E 

190 

1ft) 

450 

1.830 

5,220 

7.500 

•2!) 

•2  -29 

u.m. 

Off  the  <iia»t  of  ltiknrhii 

•210 

150 

810 

2.820 

3.660 

July  1 

2  01 

n.m. 

N.  part  of  Sapimi. 

100 

HO 

510 

2.800 

3.340 

5  19 

p.m. 

Off  the  coast  of  ItikiK'hu. 

260 

180 

1,080 

3,840 

4,'J20 

* 

11  05 

p.m. 

„  E.  count  of  Mntwi. 

» 

•200 

100 

1.840 

6000 

8,000 
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(1) 

(2) 

(3) 

Total  an*i 
of 

fliHTnrlmnce. 

Area  of 
wiiHiMe  motion. 

Pale. 

Time  of 
occurrence. 

Origin  of 
iliHtnrbutice. 

(4) 
»«W 

(5) 
Shorter 

(8) 

motion 

(7) 

moiion 

(8) 
Slight 
motion 

(») 

Sum 

ion? 

July  9 

2>'42" 

B-TU. 

(Off  the  coast  of  Amakuxn 
l(Higo). 

r« 
50 

rl 
40 

sij.  rt 

wj.  r» 
470 



«!•  ri 
900 



«|.  »'i 
1,370 

10 

7  57 

p.m. 

\X  YltHIl 

250 

150 

— 

1,400 

4,350 

6,750 

11 

H  57 

ii.m. 

hn. 

130 

80 

260 

2,190 

2,450 

•• 

10  1)3 

ii. m. 

„   NE  cooxt  of  Nemuro. 

300 

150 

200 

3,200 

3,400 

7  51 

a.m. 

f        „    K    cun»t    of  Awn 
I  peniuHnln. 

180 

100 

380 

3.170 

3.550 

V i itr  7 

0  345 

p.m. 

Hav  of  Tokvo 

100 

70 

720 

3,550 

4,270 

C  22 

p.m. 

Off  the  <\uwi  (if  Mutau. 

250 

150 

280 

5,320 

5.000 

2011 

120 

(50 

480 

3,890 

4,130 

19 

8  43 

p.m. 

(  VfT   !ln-   if  Ki^f   i  if  1  I  wlnL'ii 

130 

80 

290 

1.570 

1,8(!0 

8epL  3 

11  55 

a. m. 

Off  Kiuknyjiii  (IUkuzen). 

150 

100 

10 

COO 

2,790 

3,400 

4 

10  57 

p.m. 

Off  the  catiHt  of  A  wo  (Shikolra). 

80 

GO 

130 

H30 

920 

1.88(1 

1(5 

3  19 

II. Til. 

Nnluino  (Si0tmi). 

70 

40 

— 

100 

1.550 

1,(550 

17 

(5  23 

p  m. 

Sea  of  lyo. 

•50 

:w 

150 

1,180 

1.330 

22 

5  43 

it.ni. 

Off  Kinknzun  (ItiViuwii). 

180 

100 

170 

1.130 

3.400 

4,700 

AO 

11  30 

p.m. 

Cl~.~.  .      1 1.: 
rSea  or  AKI. 

(50 

50 

210 

740 

1.240 

2.190 

2fi 

11  51 

MJU. 

Hnchiman  (.Mi no). 

(50 

40 

280 

1.120 

1,400 

28 

8  18 

p.m. 

Off  the  cooHt  of  TokiM-hi. 

250 

100 

200 

1.850 

2,050 

Oct.  5 

4  24 

p.m. 

Hny  of  nmri. 

170 

do 

1.200 

3,900 

5.100 

12 

10  24 

a.m. 

Buy  of  T61cy6. 

70 

10 

430 

1,200 

1.630 

IB 

1  57 

n.m. 

Off  the  «MKt  of  Hitachi. 

100 

70 

050 

1,950 

2.(500 

25 

9  33 

a.m. 

Iwaki. 

101) 

80 

980 

1.380 

2,3(50 

Nov.  5 

5  49 

p.m. 

1  Vicinity  of    Ttmkulia  -  Snu 
i  (Hitachi). 

50 

40 

120 

9:10 

1,050 

r, 

11  17 

a.m. 

Vicinity  of  Etmp  I*lnml. 

300 

200 

1(K) 

1.770 

1.870 

Digitized  by  Google 
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F.  Omori : 


(1) 

m 

(•») 

Total  iirrn 
of 

disturb. nee. 

Ami  of 
sensible  motion. 

Dnte. 

Time  of 
occurrence 

( )ngiu  of 
riittttirlwmoe. 

(4) 
Lonnvr 

(5) 

(fi) 

(7) 

TUQ'  i  11  Tl 

(«) 

initio  n 

(») 

1902 

ri 

ri 

8q.  ri 

sq.  ri 

«|.  ri 

tu\.  ri 

Nov.  7 

p.m. 

Off  the  «»i»t  uf  Iwnki. 

70 

00 

— 

340 

1.380 

1.720 

13 

i  '11 

Knauyamn  (Mino). 

50 

:» 

— 

280 

1,070 

1,350 

H  1.) 

n.tu. 

Off  Chonhi  (Shimosn). 

HO 

70 

— 

20 

1.330 

1,350 

IK) 

H  33 

n.m. 

Off  the  court  of  Iwnki. 

120 

90 

2«0 

990 

2550 

3,800 

•it 

4  03 

p.m. 

Vicinity  of  Kotdinu  (Fonnomi). 

200 

100 

200 

800 

1.300 

2,300 

l>LH\  (5 

ft  12 

a.m. 

Tninnn  (Formom). 

120 

60 

tM 

TEA 

450 

I.oOO 

0  47 

p.m. 

Off  (he  «*i8t  of  Iwaki. 

100 

90 

4BU 

2,010 

3  :« 

p.m. 

l>o. 

90 

70 

Jin) 

1,170 

i  'ton 

9 

1  53 

n.m. 

80 

40 

CO 

900 

1,340 

2.3CO 

11 

5  OB 

n.m. 

VirfnitT  of  Ynku-shimn 

150 

100 

30 

780 

790 

1.000 

14 

1  VT 

p.m. 

Afiimlrni.li.  iS3iitr>. <tii\ 
MI/HkJlHIO  (rHIimiMlf. 

170 

100 

200 

2,200 

4.790 

7.190 

17 

9  49 

a.m. 

Off  the  cu«t  of  Iwnki. 

100 

80 

120 

230 

2.000 

2,350 

31 

2  38 

p.m. 

(MixnkniHo  (ShimoxaV 

I    9»353  59%  A  =  139°  Bo'E 

250 

120 

360 

2.450 

5.980 

8,790 

1903 

•bin.  a 

5  27 

p.m. 

Off  the  const  of  Iyu. 

120 

HO 

220 

1.000 

2  780 

4,060 

.") 

8  41 

n.m. 

ShiraoN.. 

70 

30 

210 

1.190 

1.400 

18 

9  13 

p.m. 

Off  the  const  of  Hulakn. 

220 

130 

Til 

IHkll 

IBKf 

4,020 

30 

1  41 

p.m. 

IX.. 

140 

90 

450 

3.300 

3,750 

31 

1  47 

n.m. 

(Off  the  SE.  iimut  of  Awn 
I  Peninnnla. 

250 

180 

300 

8,200 

8,500 

Feb.  3 

2  55 

n.m. 

Off  tlie  SK.  am*  of  Nemuro. 

250 

100 

150 

1,370 

1.320 

•i 

4  50 

n.m. 

Vicinity  of  Snrnhnnlii  (Kni). 

100 

10 

10 

700 

2.CG0 

2,830 

•« 

0  14 

p.m. 

I  Some  distance  off  the  must 
jof  Iwnki. 

3E0 

200 

100 

2.450 

9.350 

11.900 

H 

4  43 

Off  the  const  «rf  Sendni. 

1H0 

90 

130 

810 

5.1G0 

Ci.HK) 

13 

0  45 

p.m. 

,.  Hitachi. 

iW 

00 

:w 

440 

1,480 

1.950 

14 

4  4H 

p.m. 

Iw..kL 

130 

no 

70 

080 

1.960 

2.710 

Digitized  by  LjO 
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I>i»te 

(3) 

Tutnl  nren 
of 

itiMtnrimncr. 

Aren  of 
Mcnsihle  motion. 

Time 

of 

origin  <>f 

(4) 

(5) 

(0) 

(?) 

(8) 

<») 

occurrence 

ili»tnrlmn<v. 

Lonjrrr 

My  Krai' 

»xl« 

mm  Ion 

motion 

■notion 

1903 

ri 

n«i.  r« 

wp  ri 

«q.  ri 

»p  ri 

Feb.  18 

H,'30,n 

ii.m. 

Off  the  corwt  of  Iwnki. 

1)0 

CO 

— 

200 

1.950 

2,150 

20 

7  30 

p.m. 

„  MutMu 

130 

90 

— 

290 

1.030 

1.320 

03 

11  41 

p.m. 

Vicinity  uf  A»thio  (ShimotKuki-) 

70 

50 

 . 

300 

2,270 

2,570 

20 

0  ID 

«k.m. 

Off  the' count  of  Iwnki. 

150 

80 

— 

800 

2,770 

3,570 

28 

7  07 

HO 

(50 

0 

1,210 

1.440 

2.770 

March  12 

5  35 

n.m. 

(Vicinity  of  S-kijiwl.  (Shimo- 
tw»). 

<m 

.m 

J/l 
*1U 

•Km' 

•)  OK) 

2  :wo 

9  11 

p.m. 

Bungo  Strait. 

120 

IK) 

«0 

1H0 

2,710 

3,710 

13 

1  11 

:i  04 

p.m. 
p.m. 

I  Vicinity  of  Tochigi  (Shimo- 
1  ttiuke). 

/Vicinity  of  Kuruignwti  (Mu- 
t*whi). 

50 
110 

30 

50 

— 
— 

11)0 
300 

1.990 

2,030 

2.1H0 

2,1)30 

21 

7  30 

p.m. 

Off  the  cowl  of  Sno. 

270 

150 

1,210 

4,010 

0,640 

12,400 

11  57 

p  m. 

IV.. 

HO 

50 

— 

430 

2,070 

2,500 

22 

<t  12 

m  m. 

dm 

mo 

■>  -Tit) 

2.720 

*0 

0  53 

u.m. 

• 

,,       Awn  peninsulii. 

130 

GO 

190 

1,730 

1.1)20 

** 

8<21 

n.m. 

llikuzen. 

1H0 

120 

— 

110 

5,800 

5.970 

31 

11  01 

n.m. 

IK,. 

200 

100 

450 

4.320 

*,/  ill 

April  1 

11  (W 

p.m. 

1>0. 

200 

HI) 

1,220 

4.430 

5.050 

17 

4  OS 

„  K.  oKUit  of  Xcmnro. 

120 

oo 

230 

450 

((80 

1,300 

lit 

7  48 

p.m. 

„  OJIIHt  Of  KllZUHH. 

110 

70 

510 

l.:»10 

1.820 

21 

8  50 

p.m. 

Snruhnnhi  (Kni). 

DO 

40 

10 

450 

2,(60 

2.510 

5  02 

f  IVmnilnry  Wtweeti  ShimoKn 

120 

50 

140 

1.200 

2,200 

3.54(1 

22 

n.m. 

1    unci  SliiniotMuke. 

May  fi 

8  52 

n.m. 

HO 

40 

230 

1.410 

1,070 

10 

3  11) 

Off  the  eonrt  of  Iwnki. 

170 

110 

270 

1.400 

2,880 

4,550 

Juno  2 

7  51) 

p.m. 

„  E.  const  of  Mntsn. 

130 

SKI 

4W 

1.110 

1,540 

Digitized  by  Google 
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F.  Omori : 


Total  lurtai 
of 

Awn 

of 

Dule. 

C2) 

(»> 

tltHturlNiiice. 

senHihlc  motion. 

Time  of 
ownrreiuw. 

Origin  of 

(*) 

Lon  iter 

(5) 
Shorter 
a*l« 

(«) 
motion 

(7) 
MDderatt 

motion 

(«) 

SUfM 

motion 

(9) 

.Sum 

ri 

ri 

»q.  ri 

mi),  ri 

sup  ri 

— . 
t*|.  ri 

«Tnnc  «i 

C  28"' 

p.m. 

Vicinity  of  HmJiijo-jinin. 

180 

100 

20 

270 

2,530 

O  O.Kt 

7 

8  38 

u.m. 

1  lttmiuliiy  lietween  Shim<«a 
juml  Shimotwike. 

50 

30 

290 

730 

6  07 

p.m. 

(limn  (Fiirnn*«H). 

350 

> 

850 

1,400 

150 

July  1 

9  10 

n.m. 

tin  tlie  "iw  tit  iiiiiM'lu. 

300 

060 

3  '270 

6,630 

«> 
.» 

2  20 

n.m. 

Hyngn. 

70 

(MI 

300 

850 

1   1  tit  \ 

1,  IM 

c 

3  1'J 

a.m. 

W.  i«rt  of  Ifitnt'bi. 

80 

GO 

— 

680 

1,710 

2,390 

»• 

1  59 

pjn. 

Sen  of  Iho. 

■220 

120 

500 

3,050 

5.360 

8,910 

:j 

3  00 

p.m. 

X.  jmrt  of  Signnii. 

90 

50 

40 

390 

2,660 

3.090 

12 

1  56 

p.m. 

Tninun  (FormuHH). 

100 

70 

— 

500 

1.800 

2,300 

15 

4  51 

n.m. 

Snno  (Khimotwiki'). 

70 

40 

— 

230 

2,4:«0 

2.660 

16 

9  24 

p.m. 

Off  the  const  <if  Hyngn. 

120 

UK) 

— 

900 

1.960 

2.860 

17 

10  51) 

a.m. 

Cent  ml  port  of  Kii. 

100 

60 

130 

400 

1.070 

1.000 

21 

2  06 

p.m. 

Tucbigi  iSbinwtMikc). 

70 

40 

:m 

1.510 

1.900 

Ang.  10 

1  41) 

p.m. 

(Him}  n,     V.whiki  county. 
\  Hiiln. 

100 

50 

40 

530 

3,:ioo 

3,870 

•• 

1  46 

p.m. 

lln. 

90 

50 

30 

300 

2.940 

3.270 

It 

11  47 

n.m. 

t)ff  lb.-  fi»u4  .rf  X.tnuro. 

400 

200 

170 

810 

2/>'.J0 

3.670 

1  08 

II JU. 

I>». 

4(10 

100 

290 

1.480 

1.770 

*• 

10  1« 

Xk\. 

350 

100 

:i50 

2,300 

2,650 

•23 

•J  XI 

pm. 

I'mgii  (hniiml. 

150 

80 

240 

2.240 

2.480 

:U 

1  24 

p.m. 

Off  tb.-  COIUit  of  Iwuki. 

130 

70 

30 

290 

2.020 

2.340 

Sept.  3 

1  20 

Hill. 

Itiknzeu. 

120 

60 

470 

1.790 

2,260 

5 

•2  38 

ft.m. 

CVulnil  pnrt  of  Kiktulm. 

CO 

:«) 

380 

630 

1.010 

7 

4  14 

p.m. 

(Off    Ibe    unKt    of  Tnito 
j(FomiuBii). 

120 

70 

300 

1,700 

2.000 

10 

1  20 

p.m. 

,,            1  <  <mn  kii. 

HO 

50 

480 

610 

1.090 

Digitized  by  Google 
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(1)  1 

Date. 

(2) 
Time  <»f 
ocrurtt'iicw. 

<*) 

Onion  of 
itixtnrlianee. 

• 

Total  nmi 
of 

fliiitnrtiuiH-e. 

Area  of 
nensiblc  motion. 

(i\  < 
**la 

>1ior«er 
»\\* 

1 

it'n  ' 

Simio 
nio'Jon 

— — 

\'i 
Mxtomt« 
motion 

SU9H 

motion 

Sum 

1903  ! 

ri 

ri 

H»l.  ri 

mj.  ri 

x4|.  ri 

— 
nq.  ri 

WJH.  Ill 

3h45m 

p.m. 

l mil >  (rnrm(Mt). 

KO 

70 

100 

400 

1.700 

2^00 

18 

7  41 

p  ni. 

Off  the  coast  of  Hidakn. 

230 

140 

20 

920 

4.410 

5.350 

20 

9  12 

p  m. 

„  Iwaki. 

130 

1)0 

360 

3,320 

3.680 

21 

7  33 

p.m. 

Kiknchn. 

100 

CO 

— 

230 

840 

1.070 

Oct.  11 

1  41 

a.m. 

Hyngn. 

140 

100 

470 

1.1C0 

1.U60 

3.290 

12 

9  51 

pm. 

Hiilnka. 

120 

70 

— 

220 

1,900 

2,120 

27 

9  57 

p.m. 

Tokyo  Buy. 

lflO 

90 

330 

2,550 

3.060 

5.040 

Nov  1 

•5  35 

a.m. 

TnicLu  (FormoHi). 

70 

50 



150 

970 

1,120 

7  04 

p.m. 

Off  Yokitfmkn  in  Tokyo  Buy. 

80 

50 

70 

1,150 

1,220 

1ft 

5  51 

p.m. 

Tokyo  Buy. 

1C0 

90 

170 

1.710 

3.200 

5.080 

20 

4  17 

p.m. 

tJn  lue  cmiM  <h  lvwiki. 

190 

140 

920 

2.490 

4.250 

7,660 

7  11 

p.m. 

1V>. 

80 

50 

50 

340 

1,180 

1,570 

rw  1 

11  21 

p.tn. 

Tau-hn  (Formom). 

K0 

eo 

l 

200 

2,080 

2.280 

3 

5  52 

p.ni. 

Off  the  count  of  Ommi. 

130 

90 

100 

750 

030 

1,780 

8  55 

a.m. 

X.  part  of  Shimon. 

35 

30 

140 

1.150 

1.290 

18 

11  20 

n.m. 

(  Iff  ttin  nut  ><f  llit.w.hi 

200 

120 

*90 

2,530 

3.680 

7.100 

28 

11  25 

p.m. 

„  Kinknzan  (Iiiknzen) 

180 

100 

620 

3.880 

4.550 

31 

2  10 

p.m. 

Sea  of  Aki. 

eo 

30 

90 

i70 

2.170 

2,530 

1904 

Jan.  IS) 

5  47 

a.m. 

Off  the  E.  ««st  of  Bikuzen 

60 

CO 

230 

1.010 

1.240 

■■ 

4  0» 

p.m. 

Iwuki. 

SO 

CO 

CO 

1,500 

1,560 

Fel..  24 

8  32 

p.m. 

Off  Kinkaznn  (Bikuzen). 

180 

100 

10 

1,850 

3,570 

5,430 

2fi 

5  50 

p.m. 

Tokyo  Bny. 

80 

70 

40 

790 

2.020 

2.850 

Digitized  by  Google 
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F.  Omori : 


(1) 

Date. 

(2) 

<3i 

Total  iiTiMt 

of 

disturbance. 

Area  of 
Henaihle  motion. 

Time  of 

Oriiziii  of 
ilintnrlviuiv. 

(5) 
8*.  rotor 
■  xU 

(«) 
motion 

(7) 
ilaleratt 

lUltlOD 

(8) 
nunttnn 

('•>) 

1904- 

» 

ri 

ri 

ii 

«<1.  ri 

aq.  ri 

m\.  ri 

March  7 

7l'37n>  a  m. 

S.  part  of  Yumato. 

50 

40 

100 

270 

180 

550 

g 

3  40 

n.m. 

Off  the  i-onxt  at  Tliliu-hi 

220 

120 

400 

2.010 

4.200 

i;.7oo 

11  29 

p.m. 

Do. 

70 

00 

— 

230 

1.020 

1,250 

12 

6  12 

n.m. 

Yidnity  of  Knaumign-um. 

100 

CO 

' — 

200 

9C0 

1,100 

IK 

5  33 

ft.m. 

Off  the  AV.  itinHt  of  Kii. 

130 

00 

290 

1,120 

3,220 

4,030 

•  * 

in  ii 
in  ** 

p.m. 

,,  SE.  nxist  of  Neman*. 

400 

200 

870 

2,850 

7,500 

11.220 

25 

2  56 

a.m. 

..    E.  count  of  Kiknzen. 

120 

50 

— 

180 

1,040 

1,220 

26 

8  20 

n.m. 

S\V.  part  of 

40 

25 

310 

420 

730 

27 

i  :a 

p.m. 

Off  the  E.  const  of  MntMi, 

110 

70 

— 

240 

1,330 

1,570 

28 

r,  28 

p.m. 

f  Itouniliirv  Ix-tveen  Iwaki  and 
(Riktizeti. 

40 

30 

210 

200 

500 

April  4 

8  20 

n.in. 

Yidnity  of  KuMimign-iim. 

70 

CO 

— 

170 

1,620 

1,790 

13 

2  38 

p.m. 

Off  the  ruaKt  of  Rikiwen. 

1G0 

. 

380 

4.250 

4,550 

IS 

7  51 

p.m. 

Da 

no 

50 

— 

30 

590 

0*) 

8  03 

p.m. 

I  pi^ii  l  Uiinm  l. 

HO 

70 

040 

2.540 

3,180 

1  21 

p.m. 

Off  tli<>  t'Onat  of  KtMhiiu. 

250 

1H0 



100 

1.420 

1.520 

2a 

4  51 

u.m. 

Off  the  E.  cuiwt  of  liilnizen. 

180 

80 

1,870 

4.740 

0,610 

'21 

•• 

•27 

8  08 
3  38 
3  14 

it  m. 
p.m. 

OutKiile  the  RHcnzeu  lliiy. 
(Torokn,  Kngi.  Euxniko.  Tai- 
1  min.niwl  IVinHhoryo(FtirmnMft) 
1    »«233  JOTS.  X=120°  2T/E 

Yidnity  of  Trndrnhn-Snn. 

270 
VV 
4U 

IX) 

80 

:K) 

750 
300 

2.280 
1,270 
160 

3,930 
030 
010 

0.9**) 
2,260 
770 

May  8 

4  23 

n,ra. 

f  Miiiknmnchi  (KrhiKot. 

|    fsllf!'  MH,  A  =138-  48'E 

2:»o 

110 

1.080 

4.770 

5.8G0  11,710 

7  24 

n.m. 

Snhnm  (ShinioMn). 

oo 

40 

no 

1.310 

i.sjo 

' » 

8  00 

a.  in. 

Mtuknniachi  (Echigo). 

80 

50 

400 

2,360 

2,700 

IP. 

2  24 

p.m. 

N.  part  of  Snrttgn. 

00 

50 

700 

1050 

1,750 

17 

4  03 

p.m. 

Bay  of  Club*  (Tokyo  Hny|. 

80 

50 

170 

1.750 

1,920 

•20 

5  35 

p.m. 

Sen  of  Aki. 

220 

1H0 

7W 

3,030 

6,480^10,270 

Digitized  by  Google  j 
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(1) 

Date. 

m 

(3) 

Total  area 
of 

<lintnrbanci>. 

Area  of 
Rentable  motion. 

Time 

of 

<  >rit(in  of 
iliMt  urbane*'. 

(4) 

Lotifrr 

(&) 
Slwrtar 
■sin 

<6) 

.straw 
motion 

(7) 

la  0*400 

(8) 

.S'doW 

motion 

* 

.Sum 

1904 

ri 

ri 

*1.  rl 

hcj.  ri 

wj.  ri 

ri 

May  21 

5''2o'n 

n,m. 

Off  thi«  E.  cow*  of  Muttni. 

120 

100 

— 

430 

1,920 

2,350 

23 

1  ii 
,>  iii 

.,    coast  of  Ilurinui. 

110 

90 

330 

900 

4.130 

5,420 

27 

5  41 

a.m. 

I'ntgik  channel. 

70 

ISO 

140 

1.3J0 

1,45, 

•• 

7  40 

a.m. 

Tokyo  Bay. 

50 

40 

— 

70 

860 

950 

•Tune  (! 

3  41 
11  51 

ii.ni. 
a.m. 

fVuHnitv  i  if  Sliixliiilo  Luke 
(Izmno. 

Do. 

150 
180 

130 
100 

570 
460 

1,890 
2,370 

4,03o 

0,290 

0,490 
9,120 

7 
14 

5  19 
10  39 

p.m. 
a.m. 

J  Off  tbf  nuwt  of  Iwald. 
\    «=3«=N'.  *»144°  ibll 

Off  tlw<  con*t  of  Rikm.cn. 

450 
150 

300 
130 

90 

— 

5,850 
310 

14,650 
5.570 

20.590 
5,880 

15 

2  17 

ii.m. 

S.  pnrt  of  ltikiucn. 

70 

10 

— 

120 

850 

1170 

22 

11  26 

a.m. 

Off  Kiuknain  (Riknzcn). 

140 

80 

10 

510 

2,770 

3,290 

21 

:» 

3  41 
8  21 

a.m. 
a.m. 

(Vicinity    of    Lata*  Snwii 
l(SldnJuio). 

Ktham  (Shimon). 

70 
70 

35 
35 

— 

no 

270 
320 

1.050 
790 

1.320 
1,170 

" 

8  22 

ajn. 

Do. 

40 

30 

40 

250 

370 

W) 

July  1 

10  29 

p.m. 

Off  the  SE.  const  «jf  Nemnro. 

350 

300 

250 

2,300 

5.250 

7.800 

x 

0  02 

p.m. 

Neo- Valley  (Mino). 

40 

20 

130 

390 

520 

12 

7  40 

l».m. 

Off  the  h.  const  of  Kn7.UH». 

200 

180 

160 

5,440 

6,600 

13 

4  13 

p.m. 

MuIhu. 

180 

150 

920 

2.330 

3,250 

15 

3  41 

130 

80 

460 

1.630 

2  090 

3  53 

Do. 

70 

40 

170 

420 

590 

16 

10  09 

a.m. 

l>o. 

200 

150 

180 

380 

4,300 

5.310 

10  34 

a.m. 

Do. 

70 

40 

310 

620 

«*> 

17 

4  27 

n.ni, 

Do. 

100 

00 

860 

1,360 

2  320 

18 

7  51 

p.m. 

Du. 

80 

GO 

40 

250 

1,170 

1,460 

19 

6  20 

p.m. 

Do. 

110 

70 

80 

270 

2,230 

2,600 

20 

0  30 

p.m. 

Do. 

140 

130 

70 

550 

4.530 

5.150 
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F.  Omori : 


Totnl  iiren 
of 

Ami 

of 

(») 

(21 

tlixtnrlmnce. 

Ktmsible  motion. 

Jlllte. 

Time  of 
occurrence. 

diKtMrlmlnv. 

w 

fuonirer 

(5) 

S>mrtcr 

<«) 

motion 

(7) 

M"4Tot* 

motion 

(«) 
moiloD 

(0) 
Sum 

1904- 

July  26 

Sii'01"1  p.m. 

Uny  <if  Ilmri. 

ri 

» 

ri 
70 

«q.  ri 

Hcj.  ri 
420 

n*\.  rl 
2.590 

wi.  ri 
3,010 

Aii«.  1 
7 

9  49  p.m. 
5  '25  a.m. 

(X.  pnrt  i<f  ShimoHn. 

(    t  =  :6°  n  X,\-139n54'E. 

Ontnide  the  Hiknzen  JJuy. 

liH/ 

0111 
£  JO 

tin 

JaI 
1U 

1, 1  y\l 

ft*  a 
n..U 

3,410 

3,700 

15 

10  30  p.m. 

lMi 

80 

210 

1,050 

2.M20 

21 

C  49  n.m. 

|  Off  the  E.  «-<»i*t  of  Kunnjiri- 

ADA! 

ffW) 

11 JU 

900 

22 

10  03  p.m. 

urr  iDe  s>fj.  inii^i  ui  -lrniiiiv. 

AMI 

■inn 

1  if.fii 
1. 1U1 

3.540 

23 
20 

6  01  u.m. 
9  22  n.m. 

(Off  the  Manil  of  ( tshiiiw. 
l(Lyu  Kyu) 

i  -sii^Hxu  »x  run. 

400 

120 

250 
HO 

20 

1.340 

90 

2,910 
340 

4.270 
430 

•23 

•2  39  p.m. 

J  Vicinity  of  Kjimeynnm 
l(Tuuhn). 

in 
#ii 

40 

7  on 

1.090 

slept.  * 

j  jx>  p.m. 

furirml  mirt  nf  Kii 

35 

25 

210 

410 

r- 

1 

l  au  p.m. 

130 

80 

2G0 

740 

11 

o  eg     „  m 

A  o&  n.m. 

Off  the  (twit  of  Tokiu-hi 

V/U     lilt.                      1*1      H»IUll  111, 

100 

70 

150 

960 

1  110 

on 

4  in  u.m. 

iLlfljf    Lt    »  II 11-11 11 ^J1L4*  UJ. 

50 

30 

I»0 

180 

270 

i  Jl  p.m. 

VH  111*'  wiuh  <u  JJfll. 

180 

130 



760 

3,260 

2.650 

6.670 

in  '1  ->  m 

Hi  jo  n.m. 

1  niigiii ii  mum.  i 

180 

100 

810 

2.350 

3  lflO 

Oet.  5 

0  35  a.m. 

X.  pnrt  of  Shiiuimn. 

70 

30 

130 

1.700 

1,830 

7 

11  12  a.m. 

Off  the  E.  ««st  of  Kii. 

00 

30 

60 

350 

660 

1.070 

13 

7  23  p.m. 

,.  <i«ixt  of  Iwuki. 

00 

30 

V.0 

1.350 

1,510 

20 

2  01  n.m. 

S.  part  of  MifaiW-M. 

70 

50 

380 

560 

!M0 

6  28  p.m. 

Off  tlie  «>iHt  of  Ilulukn. 

220 

100 

490 

■2.120 

2.610 

25 

0  28   u  rn. 

Iwaki. 

ISO 

70 

110 

430 

1,840 

3..W0 

27 

0  24    n  m. 

„  ShimoKn. 

90 

70 

90 

380 

470 

28 

7  11    » m. 

Jutiicni. 

ISO 

150 

120 

5,220 

5.340 
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Total  area  j 

Area  of 

(1) 

<*) 

(3) 

diKtarlmnre. 

sensible  motion. 

P«»te. 

Time  of 

OCt'tlTTV  nee . 

Origin  of 
<linturU>n<in. 

(4) 

111!  | 

(5) 

(«) 

S»no»<; 

mo'l«r. 

(7) 

rm-rlnti 

Stlght 

lUOltoE) 

(9) 
.Sum 

i  ^\J"+ 

ri 

ri 

(tq.  ri  ! 

st j.  ri 

tu\.  ri 

Nov.  3 

5I'4C" 

p.m. 

Outside  the  Riku/cn  liny. 

110 

70 

-! 

•210 

900 

1.110 

4 

1  4j 

p  m. 

Off  Kiakiizjin  (Itikuzen). 

120 

8» 

10 

200 

4110 

0.40O 

0 
7 

6  25 

4  an 

n.m.  ■ 
,.m. 

.  Kikgi,  forokn.  and  Lnmuko 
1  (t'omn*n). 

.i-tmniv     .      a     *r.ii*i  T-* 

1     (p  =  2iou>.  A  =  lztr'Jfrh. 
|  Itotindary  lietwoen  Mikuwn 
|  una  Mino. 

? 

m 

? 

40 

520 

800 
170 

790 
400 

2.110 
030 

11 

0  JO 

a.m. 

Kiutliiwulmm  (Tango). 

50 

4) 

100 

7:to 

890 

13 

9  49 

n.m. 

Vi.inity  of  O^usawnm-jimn. 

_ 

10 

580 

L90 

IW  If, 

5  23 

p.m. 

Off  the  const  nf  Miitni»«. 

H0 

ou 

£0 

100 

210 

340 

17 

9  40 

n.in. 

140 

HO 

1,070 

1.280 

«■ 

4,03 

p.m. 

Off  the  E.  const  of  MntBii. 

250 

150 

530 

3,790 

3,0ftt 

7  39 

p.m. 

70 

fin 

60 

580 

810 

1.450 

23 

9  5C 

n  in. 

Off  tin-  con*t  of  ShimoNi. 

130 

90 

230 

400 

«30 

24 

11  47 

n.m. 

Rikuzon. 

280 

100 

640 

2.280 

2.950 

5.870 

1905 

,T.,n.  a 

4  20 

p.m. 

X.  put  of  ltikiizeti. 

to 

50 

(tf\ 

no 

1,110 

1.420 

r  " 

11  55 

p.m. 

Off  the  mnst  of  Tnitol  Formosa' 

100 

120 

urn 

900 

1 1 

7  15 

n.m. 

twirl    i  it'   Vi  iT*lllirihjk 

■    ,     IVIII    111.    f  UIU1IJNI, 

90 

s 

300 

340 

7O0 

8  31 

n.m. 

Off  till!   W    I1>lkt   of  tWln 

\  Fl%     IJJU      ■  w  ,          JH»r^4     I Jl     (  Tllltl, 

70 

00 

50 

730 

780 

25 

11  12 

n.m. 

|  lioiindnry  lietween  Chikugo 
(ami  Ilifio. 

CO 

50 

110 

380 

1,490 

1.980 

2C 

4  <  "2 

p.m. 

Off  the  count  of  Jlitiu  hi. 

100 

70 

510 

1,550 

2.000 

9  57 

p.m. 

S.  part  of  llynpi. 

70 

50 

110 

490 

730 

1,330 

Feb.  2 

8  15 

n.m. 

1  Off  Cupe  Kruno  (llidakn). 

230 

120 

270 

850 

1 

1,120 

9  08 

n.m. 

1  Outside  the  Riknzen  Hay. 

90 

50 

10 

340 

350 

r> 

3  41 

n.m. 

Vicinity  of  Ijike  llhvn. 

5 

130 

490 

2.470 

1.740 

4,700 

7 

11  2S 

n.m. 

Outside  the  Riknzen  Bay. 

50 

70 

230 

300 
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F.  Omori  : 


Total  urea 
of 

Area  of 

11) 

(3) 

(liHtarbanoe. 

i 

tumble 

Dote. 

Time  or 

Origin  of 
(liKtriTimncp. 

<*J 

Longer 

(5) 
simrur 
ul« 

(») 

3tn>i«r 
motion 

(7) 

MoDrraU 
motion 

(8) 

motion 

(9) 
•Sum 

1905 

ri 

ri 

8q.  ri 

sq.  ri 

sq.  ri 

•q.  ri 

Feb.  7 

0''33m  p.m. 

8E.  part  of  Mina 

60 

25 

120 

280 

400 

*• 

2  47  p.m. 

Off  the  coast  «»f  Iwiiki. 

130 

70 

— 

110 

990 

1.130 

11 

7  06  a,m. 

Do. 

90 

60 

— 

60 

760 

820 

14 

10  55  p.m. 

Do. 

110 

60 

40 

930 

970 

17 

«J    df  ll.lll. 

Outside  ttw  Itikuzpn  liny 

120 

50 

10 

1.080 

1.090 

>■ 

fi  AA     „  m 

»>  n  p.m. 

\m  lue  cuun  at  jwjiki. 

130 

HO 

]i)0 

660 

1,160 

2,010 

21 

41 

A  i\  p.m. 

H  Liipc  rximo  (iuuiika). 

280 

150 

500 

3,150 

3,650 

06 

n  *o  p.m. 

„  we  ti  ooum  of  jiutmu 

200 

120 

510 

1,390 

1.900 

27 

• 

1  10    a  m 

i  a.m. 

80 

40 

30 

260 

aoo 

28 

11  01  p.m. 

liny  of  WaknHii. 

no 

60 

— 

230 

880 

1.110 

-\rnn>h  4 

0  1R    li  ni 
v  in  I'.w. 

110 

rtn 

400 

720 

A,  IMS 

<> 

«  08  t\.m. 

Untga  Channel. 

70 

40 

Qin 

arm 

1.010 

10  32  a.m. 

Off  the  ooftHt  of  Kiknzeu. 

110 

70 

140 

360 

500 

11 

II  Jit    ti  Tn 

80 

60 

30 

410 

47(1 

16 

1 1  54    n  m 

llnnmt  &fnnr 

120 

60 

40 

540 

910 

1,520 

1 A 

j  in   .  nl 
*  %vm  n.iu. 

nay  or  loyunm  ^cuiiuj. 

130 

100 

20 

800 

1.180 

'2  Oft) 

April  « 

11  10  a.m. 

Off  the  SE.  count  of  Knruishiri. 

150 

80 

10 

200 

680 

890 

►  » 

9  30  p.m. 

£.  part  of  MosrtHhi. 

M0 

50 

940 

1.770 

2,710 

10 

10  04  p.m. 

1  L'll     lUc     CTJUHfc   Ol  illllll 

((Formown). 

100 

80 

650 

1,500 

2,150 

13 

6  02  p.iu. 

Vicinity  of  Yokohnma. 

140 

60 

150 

421) 

470 

1.040 

16 

8  05  ii.ru. 

Off  Cnpe  Shiriya  (Mutsn). 

150 

120 

190 

850 

1,000 

2.040 

18 

0  21  n.m. 

Sca'of  Aki. 

no 

20 

50 

260 

830 

1,140 

21 

5  15  n.m. 

S.  jwrt  of  Musashi. 

130 

60 

770 

790 

1,563 

May  9 

2  54  a.rn. 

Off  the  coast  of  Hitachi. 

200 

140 

170 

1.200 

1.370 
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Total  nnik 
of 

Aren 

of 

(1) 

(2) 

(3) 

disturbance. 

sensible  motion. 

Dnte. 

Time  of 

Oe*1HT»!tlCf!. 

Origin  of 
<li8hirhnncc. 

(*) 

Longrr 

(5) 

(0) 

Stroma 

(') 

V*) 

(») 

»xl« 

*\\* 

motlun 

motion 

motion 

bum 

1905 



—  ■ 

ri 

ri 

Hi^.  ri 

mi.  ri 

wi.  ri 

wi,  ri 

Mny  17 

2h04<» 

a.m. 

Off  tlm  cxiiiHt  of  lliilaku. 

180 

1(!0 

190 

770 

1.090 

2,050 

26 

3  46 

p.m. 

,.             In  iikj. 

150 

70 

70 

310 

1,450 

1,830 

30 

4  32 

n.m. 

Knnngnwn  (MuNiutbj). 

60 

20 

— 

10 

90 

130 

31 

11  ii« 

ii. m. 

Off  thi!  curt  <if  ITiiLikn. 

120 

CO 

— 

130 

430 

560 

•Tun*  2 

2  40 

p.m. 

450 

200 

4,750 

3.950 

2200 

10.900 

7  5G 

p.m. 

Do. 

230 

140 

120 

3.390 

4,960 

8,470 

;t 

9  18 

n.m. 

l)n 

110 

60 

970 

3,990 

4.9«0 

»* 

9  34 

I\l 

180 

90 

280 

2,870 

3,200 

6,:i5l) 

7  24 

p.m. 

100 

50 

1,040 

2,990 

4,030 

" 

7  38 

p.m. 

l*u. 

180 

70 

200 

1,800 

2,500 

4,500 

10  49 

p.m. 

I..**. 

120 

BO 

860 

2.490 

3,350 

1 

3  08 

a.m. 

00 

50 

590 

1.720 

2.310 

,-> 

8  44 

n.m. 

^Idllliy  <*I  V/-HIUII1U  \lZ.ll). 

<i0 

50 

10 

150 

200 

360 

r, 

0  44 

i\.m. 

90 

70 

190 

42  > 

C10 

1  19 

n.m. 

H, 

fiO 

40 

380 

200 

640 

1  51 

a.m. 

Do 

100 

70 

400 

430 

890 

* ' 

2  05 

ii.m. 

70 

no 

510 

210 

720 

•« 

2  23 

n.m. 

90 

70 

•>50 

2J0 

810 

5  17 

n.m. 

Di). 

90 

60 

320 

100 

420 

" 

9  23 

n.m. 

Do. 

90 

00 

300 

230 

530 

,, 

11  47 

Do. 

no 

40 

1G0 

170 

330 

•• 

8  32 

p.m. 

Contml  i*irt  of  Inland  Ssi. 

80 

40 

570 

1.230 

1,800 

7 

6  12 

n.m. 

Vicinity  of  luliwnki  (nifau&i). 

40 

30 

70 

(590 

700 

>• 

2  40 

p.m. 

Vi.inily  of  O-Hbinm  (Izn). 

220 

120 

510 

740 

2,220 

3,470 

»• 

10  06 

p.m. 

Do. 

110 

70 

150 

280 

390 

820 

10 

3  10 

p.m. 

Do. 

lr.0 

100 

270 

440 

710 

Digitized  by  Google 
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F.  Onion : 


(1) 

Dnte. 

(2) 
Time  of 

f3) 

(  Irii  in  <if 

<li*»turl>aiiiv. 

1 

Total  nrea 
of 

iliBtiulinnce. 

Area  of 
Ketihilile  motion. 

w 

t.ontmr 
n\U 

(3) 

jtinrtirr 

(<•■) 

St  ma  a 
motion 

(7) 

Mn  tfratr. 
tnrttlm 

(8) 

Slight 

motion 

(9) 

1905 

ri 

ri 

ht\.  ri 

f*J.  ri 

b«1-  ri 

June  11 

ll,'.V2»l  p.m. 

X.  part  of  Rliimosii. 

70 

40 

3H0 

540 

920 

r  IT 

5  17 

p.m. 

Off  the  eonst  of  frvuki. 

230 

130 

750 

1.620 

2,450 

4.820 

1*1 

2  4 'J 

p.m. 

On  Kinkiiznu  (lUkuzen}. 

M0 

70 

510 

730 

1,240 

In 

1  17 

n.  in. 

Off  the  coast  of  Ittnki. 

no 

90 

210 

1,620 

1.H30 

o  :io 

p.m. 

,,  Xemuro. 

300 

1C0 

110 

1,420 

1,530 

il 

»>  4.> 

p.m. 

X.  pint  of  Mino. 

<J0 

40 

370 

1/220 

1.590 

It 

1  1*1 
1  hi 

n.m. 

Centnil  putt  of  IUkiK'hu. 

220 

70 

l.StlO 

1.130 

3.020 

July  1 

1  4i> 

a.m. 

Vicinity  ..f  Muhimn  (Xiignto). 

90 

50 

220 

fiOC) 

820 

■ 

<• 

ti  IH> 

a.m. 

Aynl>c  (Tanlui). 

(50 

50 

20 

600 

C30 

1.250 

7 

i 

a.m. 

Off  the  mint  of  Iwuki. 

SCO 

200 

1,400 

4,380 

2,280 

S.lHiO 

7  IK 

a.m. 

Do. 

300 

1HU 

440 

4,840 

5  2HO 

10  10 

a.m. 

Off  the  i-onst  of  Tuknehi. 

210 

160 



140 

4.700 

4.840 

'J 

7  13 

n.m. 

„  lwnki. 

230 

140 

31' 

1,670 

2,930 

4.630 

13 

1  49 

p.m. 

„  K.  count  of  Mutsu. 

270 

130 

420 

3.180 

3.000 

16 

6  40 

p.m. 

„    (Hint  «'f  I'fSO. 

120 

100 



400 

1,130 

1.530 

in 

5  03 

p.m. 

iwiy  ut  Joityo. 

HO 

50 

CO 

500 

620 

21 

c  n; 

p.m. 

<  'It  Kiiika/jui  (lukti/en). 

lift 

HO 

510 

570 

1  080 

•  >i 

z  J 

5  20 

p.m. 

ITown  of  Yiumzuka,  Higasbi- 
IKutiiki  comity  (Erlii«i>:. 

140 

100 

no 

770 

2/130 

3.210 

■- 

fi  27 

p.m. 

Ik.. 

110 

60 

10 

100 

830 

940 

t- 

7  01 

p.m. 

Off  Kiiiknzii:i  (IUkuzen). 

150 

HO 

170 

1.370 

1.540 

27 

1  39 

n.m. 

S.  part  of  Shiinotsnke. 

90 

40 

140 

1.150 

1,290 

Ang.  5 

2  29 

p.m. 

Nli.  pnrt  of  Uiiln. 

90 

40 

290 

610 

900 

12 

U  28 

p.m. 

Hay  of  Tokyo. 

60 

30 

70 

400 

470 

18 

C  08 

n.m. 

Hay  of  Atstnmt  (Miknwn). 

90 

40 

270 

350 

620 

22 

11  32 

p.m. 

Off  Hie  E.  const  of  Rilrazen. 

110 

CO 

- 

200 

440 

700 

Digitized  by  LjO 
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Total  ana 

of 

Area  of 

Ml 

(i) 

(•1) 

ili-tnrUnnv. 

■vendible  motion. 

lint.-. 

Time  of 

Origin  <>f 
.liitttrlntn.v. 

(»> 

TiXU 

(■■) 

ShorUn- 

(«> 

mo'ij.i 

(7)  <8) 

mutl.iii  million 

(») 
Sum 

1905 

Aiij?.  2* 

0>'05" 

li.m. 

(►if  tlio  it«ixt  (if  Ititiu'lii 

100 

• 

ri 

50 

Mp  ri 

wp  ri     h<|.  ri  sq.  ri 
490        940  1,130 

(i  11 

p.m. 

(Hapwuni,   MiihwIii  county 
i(lliila). 

110 

to 

ID 

•XV) 

500 

770 

•XI 

5  lfi 

p.m. 

Off  OtiM'  Mnmt.i  iTisnl. 

1141 

70 

ICO 

HKO 

1.400 

1 

2,440 

29 

1  28 

p.m. 

Off  thr  SE.  <- Hint  nf  Kuslun>. 

250 

151) 

4;»» 

C70 

i.07  n 

Jt) 

9  27 

a.m. 

Omn^zuki  (Totonii) 

90 

50 

co 

«ao 

Sept.  1 

11  47 

ii.iii. 

Off  tlln  K.  count  nf  Mllt*n. 

300 

200 

240 

.1,720 

2.210 

C.201 

2  52 

p.m. 

„      ixnifct  of  'liifomi. 

(iO 

50 

2C0 

INI) 

44  J 

2 

0  52 

a.m. 

Touo-nuu'hi  i  Uiktu-hu). 

150 

70 

— 

530 

820 

i.:t:o 

a  4S 

p.m. 

Off  tin;  const  of  Uikii/tn. 

2U> 

urn 

440 

870 

1,2)1 

n 

2  02 

n.m. 

I'mgn  channel. 

120 

70 

1C0 

550 

1.240 

1,950 

... 

p.m. 

Off  tin?  E.  o«Kt  of  Kii. 

70 

45 

M0 

•.'90 

210 

530 

» 

ii  or. 

n.m. 

f  Uoumlary  Utwvin  Iloki  ami 
( Izunio. 

40 

25 

170 

a  jo 

500 

:> 

3  01 

p.m. 

S.  ]mit  of  Kii. 

HO 

50 

110 

4'J) 

250 

850 

12 

0  52 

p.m. 

IVntral  i hit t  of  luliilul  Sin. 

170 

90 

470 

:i.l80 

2  5'H) 

r.,153 

'21 

10  00 

p.m. 

\  IttlllfV     .  It     1    IhIm.    1  ^1               Ha..  \ 

VHBIIIIJ    l»l    \  LUIUI  ^rtJIJI.Li  ISJ 1  | . 

150 

110 

9S0 

1.420 

2  400 

•2  J 
29 

2  08 
10  19 

n.m. 
a.  in. 

J  Iknuxlury  lietwitti  Hitachi 
IiiikI  Shimosii. 

1  NuutxWy  iH'twiH  ii  Miuoniiil 
1  Echizeii. 

70 
111) 

to 

HI) 

lH(i 

i.ioo 

4  HO 
l,85tt 

CM) 
2  95  f) 

:i0 

ii  :u 

p.m. 

Off  tin-  K.  must  of  Mutni. 

120 

70 

50 

1,000 

1.05') 

Ort.  -2 
:i 

10  51 
6  18 

n.  m. 
p.m. 

Off  tin-  ••oust  of  llitiifhi. 

fHounOary  lictwvcn  Hi.U  ami 
IKiign. 

200 
110 

150 
40 

120 

2,  wo 

1C0 

i 

2.080 
COO 

5,030 
7C0 

I 

8  15 

a.m. 

Off  Cap*-  Shiiiyn  (Mnt.su). 

270 

180 

350 

3,950 

2.700 

7.000 

7 

9  5:J 

p.m. 

Off  tin-  E.  coast  of  Mutsii. 

120 

90 

ISO 

•MO 

K2D 

10 

10  51 

a  m. 

Off  t'boshi  (Shimosn). 

170 

140 

ceo 

1 

1.1(H) 

i 

9  J0 

1.7G0 

l:« 

:i  11 

p.m. 

Off  Cope  Kamiii  (ShiiilK-shi'. 

120 

100 

50 

490 

1,530 

11 

U  51 

a.m. 

Itny  -if  Chitm  (Tokyo  Hiy). 

1G0 

<;<i 

to 

5C0 

850 

I 

1.450 

Digitized  by  Google 


78  F.  Omon : 


(1) 

Dnte. 

(2) 

<3> 

Total  nrvu 
of 

dustnrbnnee. 

Awn  of 
sensible  motion. 

Time  of 
oecurn-ncv. 

Origin  of 
iliHturlmm-e. 

(*)    |  (5) 
Longer  Shorter 

VI 
St  rone 
inotJiio 

17 » 
Moderate 

TDOtlOD 

181 
Slight 
mot  l<>n 

Sum 

1905 

ri 

ri 

aq.  ri 

sq.  ri 

«!•  ri 

et{.  ri 

Oct.  M 

Ih52» 

n. ni. 

SK.  putt  i-.f  HiOn. 

"JO 

50 

2(0 

1,210 

MM 

ID 

1  42 

ii.  m. 

Central  pnrt  of  Miu<>. 

80 

50 

200 

441 

730 

>. 

»  10 

a.m. 

E.  pnrt  of  Mnanaui. 

130 

50 

470 

030 

1.400 

21 

0  18 

p.m. 

fOff  the  E.  const  of  Awn 
( pcniti»uln. 

220 

120 

2:0 

1.020 

1.270 

28 

o  45 

p.m. 

Off  (he  SE.  oivt  of  Kiisbiro. 

250 

100 

301) 

550 

850 

Nov.  1 

2  no 

p.m. 

Off  \he  c:m»t  of  Iw.iki. 

140 

HO 

-- 

360 

l,5*i 

1.8SM) 

2 

11  21 

n.m. 

Knzuxii. 

160 

120 

— 

620 

1,260 

1.880 

7  1«J 

p.m. 

\V.  imrt  of  Ecllig". 

140 

120 

■- 

710 

1.150 

1,860 

22 

1)  43 

n.m. 

Off  the  E.  caist  of  Fonnoun. 

1G0 

•  

1,060 

783 

2,4411 

23 

0  01 

n.m. 

Off  tlM-  .-oust  of  Rikuchu. 

200 

100 

_ 

4f.O 

830 

1^90 

6  32 

u. in. 

Araiki-  Kcu  (Hign). 

A*  A' 

150 

110 

1,180 

750 

2,010 

■■■ 

1  40 

n.m. 

Off  Kintauain  (ltikn/en). 

181 

130 

10 

1.110 

2.200 

3.380 

1  IK 

n.m. 

no. 

150 

80 

10 

270 

1)00 

1,180 

4  :w 

n.m. 

Oiitsiilc  tlw  Ibmi  liny. 

1G0 

80 

— 

80 

800 

880 

S 

o  os 

p.m. 

(Vntml  purl  of  Inlnnil  Smi. 

210 

160 

770 

4.130 

3.340 

8.2  tO 

1  21? 

p.m. 

I>u. 

220 

MO 

3-0 

4.850 

3.300 

8.620 

17 

G  29 

p.m. 

Off  Hit!  const  of  Nngnto. 

70 

120 

1.500 

1,710 

23 

11  37 

n.m. 

ltikucbu. 

250 

170 

7G0 

2.310 

2.360 

5.430 

20 

0  11 

p.m. 

Off  the  onst  of  Hitachi. 

220 

M0 

w 

2.G80 

2,220 

5,820 

27 

0  51 

p.m. 

fKnitn-mnm.  NisbM'hiknn.n 
(comity,  Khirmno. 

mo 

50 

20 

400 

1.140 

1.560 

:tO 

7  53 

p.m. 

Bny  of  Chilm  (Tokyo  Buy). 

50 

40 

70 

2;:o 

270 

.Tan.      1  is 

n.m. 

Ken  of  Isc. 

HO 

50 

730 

710 

1.440 

5 

o  or. 

n.m. 

liny  of  Owkn. 

. 

20 

120 

440 

500 

■ 

G  01 

p.m. 

l>u. 

40 

30 

400 

500 

TOJ 

Digitized  by  Google 
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(1) 

(9) 

(3) 

Total  nrwi 
of 

disturbance. 

Area  of 
ticiuriblo  motion. 

Date. 

Tim* 
tdvurn 

•  of 
•in*. 

Origin  of 
ilwtmbnlKt! 

(4) 
ml* 

(5) 

V'/ 

8lior»r 

(6) 
strong 

(7) 

f-m  »         I  n  f| 

niwiiiii 

(8) 

I9i 
Sum 

1906 

Jon.  « 

a.m. 

Off  the  E.  ttmrt  .if  MnUm. 

ri 
110 

ri 
90 

84.  ri 

m\.  ri 
530 

sq.  ri 
HfiO 

sq.  ri 
1,390 

•• 

0  48 

p.m. 

70 

50 

240 

310 

570 

7 

8  52 

p.m. 

Bay  of  OmIu. 

90 

60 

700 

810 

1,510 

8 

11  TO 

p.m. 

Off  the  cutfit  of  Sioumi 

180 

120 

20 

8J0 

840 

1,690 

9 

fi  50 

p.m. 

Central  jxtrt  of  Hhimoen. 

70 

40 

_ 

220 

690 

910 

« 

9  55 

p.m. 

Bay  of  Chibn  (Tokyo  Bay). 

60 

40 

20 

320 

340 

12 

10  23 

a  m. 

Off  the  K.  «»»t  of  Kii. 

130 

90 

200 

900 

790 

1.890 

15 

7  54 

X.  purt  of  Sftgnmi. 

40 

30 

100 

340 

440 

18 
21 
24 

9  20 
10  50 
5  07 

p.m. 
p.m. 
a.m. 

N.  jmrt  of  Mitio. 

( Off  the  K.  ««i»t  of  Main  L.lan.1 
\    f  =  34°  23'  X,  A  =  143*261:. 

Off  the  oon*t  of  Iwnmi. 

140 
400 
150 

80 

:i50 
50 

170 
1,640 
— 

1,420 
5,260 
280 

1,640 
7,570 
1.110 

3,230 
14.470 
1,390 

r  c*  1  •.  4 

3  24 

p.m. 

iwiKiu^n  l«ay. 

220 

130 

90 

2.150 

2,230 

4,470 

5 

3  11 

a.m. 

Ontwile  the  ltiku/*»n  Bny. 

150 

CO 

240 

1,030 

1.270 

*» 

5  09 

a.m. 

Rikiuen  Bay. 

200 

120 

880 

2.200 

3,080 

17 

6  41 

a.m. 

Off  the  K.  conAt  of  Kuziusit. 

340 

140 

50 

400 

530 

980 

18 

23 
24 

2  15 
6  49 
9  14 

p.m. 
p.m. 
a.m. 

S.  part  of  Kazntiu. 

fOff  th«<  must  of  Awa  ami 
1  Knznsii  i«-niiiMila. 

Tokyo  Bay. 

140 

300 
350 

200 
200 

290 
840 

270 
1.900 
4,190 

690 
3,500 
5.070 

960 
5,690 
10,100 

28 

0  10 

n.m. 

S.  i<art  of  Inc. 

70 

40 

230 

700 

930 

March  (5 

1  38 

a.m. 

fOff  tlio  rouM  ..f  Awa  anil 
t  Kn/UMi. 

250 

200 

120 

190 

310 

7 

H 

11  17 
4  08 

a.m. 
a.m. 

Off  tin-  coast  of  Iwaki. 

|  Boundary  lietwwn  Minn  anil 
|  <  Iwnii. 

250 
90 

150 
GO 

380 
190 

2.980 
740 

3,360 
930 

13 

10  29 

p.m. 

Off  tlu.  roust  of  Hyttga. 

200 

150 

910 

2.160 

2.700 

5,770 

14 

1  11 

a.m. 

Do. 

70 

60 

40 

80 

8  32 

p.m. 

Off  thu  const  of  Knzusn. 

100 

80 

450 

1,080 

1,530 

Digitized  by  Google 
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F.  Omori : 


Total  are* 

of 

Area  of 

(1) 

(2) 

<»> 

(lisitnrlxinoe. 

motion 

• 

Date. 

Time  of 
ocrurrenee. 

Origin  of 
diKtnrbnnce. 

I,on»*r 

(5) 

8hnrt»r 
axi« 

<«> 
Almit<7 
motion 

K'l 
M>  It  rate 
m«tli>n 

(8) 
atitkt 

matin  o 

CJ) 
Sum 

1906 

1 1 

ri 

«i.  ri 

aq.  ri 

sq.  ri 

t*\.  ri 

Match  10 

O''05m  n.m. 

Central  part  of  Inland  Sen. 

100 

50 

— 

100 

3.100 

3.200 

17 

8  43  a.m. 

Kngi  (For  mown). 

500 

s 

070 

1.310 

— 

2.280 

•  » 

»  21  p.m. 

UKyrohn). 

(0 

30 

— 

00 

810 

900 

0  23  p.m. 

Do. 

200 

120 

250 

2.150 

1,200 

3.000 

18 

()  12  n.m. 

Do. 

60 

30 

80 

230 

310 

•» 

1  10  a.m. 

S.  jmrt  of  Kii. 

17U 

110 

my 

1.080 

2,330 

3.570 

•* 

*V  H\i    ii  ni 

4/     »l  4j  •■■III- 

|  Northern  part  of  Ariuke  Sen 
I  (Kyushu). 

40 

20 

00 

o*jo 

t 

0  30  n.m. 

Off  the  oi  «i»t  of  Uyiifir*. 

150 

100 

150 

•)  ->uo 

2.440 

21 

11  43  p.m. 

Kiknzen. 

17i) 

100 

100 

79n 

080 

•Ji 

5  40  n.m. 

w   K.  count  of  Mutsn. 

200 

150 

210 

ow 

770 

21 

U  5'J  n.m. 

Near  O-shim*  (Lyn-kyn). 

lv>U 

_ 

80 

20 

100 

20 

1  20  p.m. 

Kntfi  (Formosa). 

100 

80 

200 

1,000 

940 

2,230 

28 

8  57  n.m. 

Do. 

80 

70 

100 

520 

1,580 

2,200 

23 

0  14  a.m. 

Do 

Mil 

200 

lr20 

420 

1.540 

April  1 

10  04    n.m.   Off  the  emst  of  Uiktiz.ni. 

130 

70 

~ 

310 

820 

1.100 

5 

11  50  n.m. 
4  58  a.m. 

Iwnki. 

240 

1HI) 

WO 

2,370 

3.090 

5.050 

<■'< 

KnRi  (Formosa). 

100 

80 

70 

r.50 

040 

1.0C0 

'• 

7  29   p.m.   Off  the  F..  «»»t  of  NY-muro. 
2  52.7  p.m.   Ten.-hiko  iForniom). 

3:0 

! 

20 

-H  Ml 
-HPU 

4<U 

800 

7 

l',0 

270 

070 

970 

2,210 

x 

8  39.7  a.m. 

Kngi 

100 

8(t 

100 

!»20 

1,120 

2,140 

»• 

1 

2  52  p.m. 

(Off  the   E.   coast   of  Awn 

1  IKMllllMllll. 

100 

70 

(.80 

1,020 

2,300 

'■< 

2  38  a.m. 

Off  the  const  of  Iwnki. 

2.30 

lf.0 

360 

3.890 

4.250 

11 

7  08  p.m. 

N\V.  part  of  Mino. 

140 

90 

90 

1,530 

1.770 

3,300 

u 

5  18  n.m. 

(Temhiko  (Kngi  Prefecture) 
|  Fonrnxn. 

2000 

220 

2,280 

•» 

U  52  n.m. 

Do. 

740 

1.240 

300 

2,280 

•JO 

'J  4H   p.m. 1 

(Hngiwnm,  MaHiuln  toimty 
l(HiiU). 

00 

70 

B0 

310 

1.850 

2,220 

Digitized  by  Google 
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(2) 


(3) 


Total  nrwi 
of 

.lirturlwniv. 


Ann  of 
sensible  motion. 


l>de. 

Time  of 
ooftirreuee. 

Origin  of 
.listurlaimv. 

(4) 
[•ong*r 

(3) 

8'iort*r 

<«) 
S'rvno 
motion  [ 

(7)      (8)  (9) 

li»iTl»ll     I.IOtlOtl  A'KJJi 

1906 

April  21 

4M0m  ii.m. 

(Hnpwnni,  MjimkLi  canity 

210 

530 

3,320 

wj.  ri 
3.310 

wp  ri 
7.210 

3  54 

l».m. 

Koankn.  MumuIh  «nmty  (Hklii) 

110 

no 

40 

2 1» 

820 

11*70 

M«y 

1 

7  12 

p.m. 

Kuii^i  Stmit. 

80 

co 

— 

•25(0 

1.300 

1.030 

2  11  13 

n.m. 

Off  the  X.  .tjust  of  Form.wn. 

15) 

1 

450 

2.000 

2.450 

8  09 

ii.  tii. 

„      S.  oau4  of  Kii. 

I5u 

200 

1.W0 

•2  ino 

0,330 

O.n50 

8  53 

n.m. 

(Vi.tnil  i»irt  of  Kii. 

Ml 

00 

100 

700 

1.030 

1.8:io 

0   10  20 

p.m. 

X\V.  |>nit  of  ITiko. 

00 

35 

10 

170 

470 

050 

7 

8  01 

ii.  m. 

I  .m   iih>   r..   iMin  ot  Awn 
I  peuim>nln. 

120 

70 

— 

1*20 

410 

530 

10    2  34 

p.m. 

Vicinity  of  KnwnwnOIuaishi). 

8. 

JO 

— 

10 

250 

2.)0 

in 

7  10 

p.m. 

Off  th.-  o.ist  of  Hitiuhi. 

170 

140 

3o 

1.700 

1,7341 

18    4  01 

p.m. 

Iwnki. 

120 

!>0 

:«o 

1,000  1.990 

9  3f. 

p.m. 

ill 

40 

2:10 

270 

1:1 

1  31 

n.m. 

l)o. 

220 

180 

170 

itfo 

2,080 

3.8-20 

•21    2  21 

p.m. 

Tokyo  liny. 

12*1 

no 

380 

4:t0 

810 

*• 

3  5<5 

p.m. 

X.  pnrt  of  ShimoHii. 

150 

250 

1.710 

1.430 

3.3J0 

•22 

1  12 

p.m. 

Ontntl  |«ut  of  Inland  S»n. 

150 

120 

1.570 

2.220 

4410 

24 

2  17 

p.m. 

1'niKn  vlmtinol. 

15 

.10 

210 

270 

2* 

4  10 

a.m. 

Off  Die  K.  ruNkt  of  Neimiro. 

300 

200 

to 

5ho 

1.3410 

1,940 

•  ' 

«  ;,o 

;l.m. 

»jii.st  of  Knznsn. 

140 

!J0 

:ro 

470 

820 

2U 

11  22 

p.m. 

X.  i«.rt  of  Shinnnu. 

130 

70 

120 

1.080 

l.OOu 

2.-200 

:io 

•J  27 

p.m. 

Tokyo  liny. 

00 

:» 

11*0 

500 

nyo 

3im< 

•2 

7  1H 

n.m. 

Vicinity  of  Xnnito,  Awn. 

80 

no 

170 

850 

,MH) 

1,910 

10  37 

n.m. 

Otf  Kinkiiyjui  (Kiku/i'ii). 

80 

no 

10 

320 

330 

22 

•2  28 

ii. m. 

I'y.ilu  (Shinnlio). 

no 

50 

40 

400 

r,ro 

l.ooo 

•Inly 

7 

7  30 

p.m. 

OmSi.fo  tho  Uiktmti  lt«y. 

180 

90 

170 

1.490 

1.000 

Digitized  by  Google 
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F.  Omoii : 


(1) 

l)nte. 

W 

lime  of 
occurrence. 

<»> 

Oritpn  of 
tlistnMmnco. 

Total  IUW» 
Of 

disnirbnnoe. 

Aitst  of 
sensible  motion. 

(4) 

tixU 

(5) 
Shorter 
•all 

w 

Strong 
motion 

(7) 

JlaJrrale 
•nation 

(8) 
.«:«»* 

mot  Inn 

(») 

1906 

ri 

ri 

Hq.  ri 

mi<  ri 

nq.  ri 

sq.  ri 

July  7 

8''41'u 

p.m 

Off  Kinkaain  (Rikuzen). 

130 

70 

— 

!» 

310 

400 

ID 

•J  37 

n.tu. 

OS  the  coaat  of  Iwaki. 

90 

70 

120 

:i30 

450 

11 

5  3-2 

n.m. 

Control  part  »f  Mikiiwn. 

50 

30 

100 

610 

710 

12 

4  31 

p.m. 

Off  tlu>  const  of  Hitachi. 

160 

100 

170 

640 

810 

23 

1  18 

p.m. 

Iwaki. 

180 

140 

280 

1.880 

2.770 

4.930 

31 

8  58 

p.ui. 

Kiknchii. 

VKJ 

70 

— 

160 

520 

680 

Auk-  5 

4  53 

n.m. 

Tokyo  Hay. 

70 

(•0 

440 

770  1.210 

I 

5  32 

n.m. 

Do. 

120 

50 

210 

860 

1,350  2.420 

i 

'J 

9  15 

p.m. 

Off  the  coa  t  of  11)  "go. 

130 

80 

140 

45) 

590 

10  27 

p.m. 

Do. 

200 

100 

— 

1050 

1.030 

2.080 

16 

C  26 

a.m. 

Control  part  of  1/n. 

90 

70 

— 

190 

430 

620 

** 

3  39 

p.m. 

IXt. 

100 

83 

50 

80 

930 

1.060 

19 

8  on 

a.m. 

Off  Chonhi  (Shinioea). 

1A) 

in 

730 

2.940 

3,680 

21 

5  12 

n.m. 

W.  part  of  Knzrun. 

140 

50 

80 

290 

370 

0  08 

n.m. 

.  pan  oi  .~ui iiKvvi. 

120 

50 

100 

810 

920 

1,830 

31 

11  20 

a.m. 

Ontral  part  of  Izu. 

140 

80 

350 

920 

1,280 

Sept.  4 

•J  4f, 

n.m. 

Town  of  Mifuiie,  (Iligo). 

60 

45 

160 

110 

270 

8 

3  53 

ii. m. 

(Off  the  E  caul  of  Awn'nnd 
IKazusa. 

170 

90 

i 

130 

770 

900 

15 

0  31 

a.m. 

Vicinity  of  Miitmunkn  (I»e). 

60 

:» 

50 

100 

150 

17 

5  27 

p.m. 

W.  part  of  Hitachi. 

i:to 

110 

680 

1.910 

2.0-20 

1!) 

7  55 

p.m. 

(Vntinl  part  «-f  I/.n. 

60 

40 

. 

490 

550 

Oct.  4 

0  o:> 

a.m. 

Off  the  court  of  IUkuzen. 

120 

60 

230 

370 

<i<10 

6  35 

p.m. 

X.  part  of  Shitmeta. 

120 

50 

550 

1,700 

2.250 

» 

8  52 

p.m. 

Near  the  n«»t  of  Iwaki. 

150 

100 

1  210 

2.210 

3.4-2D 

Digitized  by  Google 
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(1) 

(2) 

(3) 

Totiil  area 

of 

ilutnrtHince. 

Aren 
sensible 

of 

motion 

Dnte. 

Time  of 
occurrence. 

Origin  of 
tli&tnrlwnce. 

W 
Lonccr 

1  (5) 

8bor<»r 
•  xi« 

<«) 
Slnmv 

17) 

motJop 

(«) 
SUgkt 

(9) 

Sum 
[  

1906 

ri 

ri 

aq.  ri 

sq.  ri 

^  sq.  ri 

1 

. 

Bq.  ri 

Oct.  fi 

'>24"'  p.m. 

Central  i«rt  of  Shimotsuke. 

110 

50 

120 

!  1,610 

1.730 

10 

9  51  p.m. 

SW.  i«rt  of  Iwnki. 

140 

80 

1,200 

i,r.50 

2,K)0 

12 

9  56  n.m. 

Off  the  onvt  .if  l*go. 

1H0 

140 

200 

2,180 

1,810 

4,190 

.. 

10  04  a.m. 

220 

140 

500 

1.570 

1.950 

4.110 

IS) 

9  29  p.m. 

ft  HI  the  couft  of  Awn  and 
(KnziiMi. 

100 

70 

100 

300 

520 

.. 

Ill  K>  p.m. 

Bungo  Stmit. 

7U 

40 

530 

1  04(1 

1.570 

23 

7  13  n.m. 

N*.  tthore  of  Li\ke  Hiwa. 

35 

30 

— 

14'.) 

290 

430 

20 

5  25  p.m. 

S.  part  of  Vamato. 

W) 

50 

— 

380 

340 

720 

27 

7  2.")  a.m. 

Off  the  coa»t  of  Iwaki. 

300 

200 

— 

320 

3.550 

3,870 

Nov.  7 

11  M  p.m. 

„  SHgnmi. 

#o 

150 

350 

5110 

9 

0  54  p.m. 

Iwaki. 

120 

50 

140 

540 

«M) 

11 

0  33  n.m. 

, .  A  vii  jw  n  i  nRii  L  i . 

50 

30 

20 

80 

100 

12 

11  07  p.m. 

Vicinity  <>f  Kiwumigu-nru. 

150 

80 

00 

1.370 

1,610 

3.041) 

15 

7  24  p.m. 

X.  i«rt  of  ITyugn. 

50 

40 

— 

360 

520 

►  80 

10 

1  54  a.m. 

W.  part  of  Ownri. 

40 

20 

— 

90 

140 

230 

22 

C)  44  a.m. 

Ccntml  part  of  King-). 

50 

30 

- 

140 

490 

630 

23 

3  32  p.m. 

{Off  the  const  of  the  Ami 
Ipouiubiiln. 

180 

100 

670 

030 

1.330 

21 

4  40  n.m. 

Off  Kinknznn  (ltiknzcn). 

110 

fiO 

< 

10 

570 

581) 

>• 

5  45  p.m. 

Do. 

90 

GO 

_ 

10 

580 

590 

Dec.  2 

0  3.1  p.m. 

Vicinity  of  loin  (Shinnno). 

oo 

30 

100 

230 

330 

4 

8  44  p.m. 

Off  the  const  of  nitnehi. 

00 

50 

ICO 

» 

• 

5 

5  54  pm. 

Central  imrt  of  Kii. 

50 

40 

330 

330 

ami 

10 

7  52  a.m. 

Hay. 

100 

80 

20 

230 

H>0 

1.071 

24 

5  40  p.m. 

Katori  county  (Slumosn). 

80 

00 

oa 

250 

340 

27 

9  05  pan. 

Vicinity  of  Tola  (Shinuno). 

70 

30 

80 

180 

200 

Digitized  by  LjO 


84  P.  Omo:i: 


(1) 

t'2) 

<3> 

Totiil  area 
(lintnrlninoo. 

Area  of 
Kcnxiblc  motion. 

Dufc. 

Time  of 
ixinm*iMi». 

Origin  of 

Hint  11*1  HI uw  . 

<») 

I^inaer 
n\li 

8tU.It«l 

Ml. 

(6) 

moilon 

(8) 

<») 

1907 

I7v  / 

Tl 

84 J.  W 

8*1'  '  1 

•inn.  :i 

3''42B 

ii. m. 

X.  i«rf  of  ShimoiMi. 

150 

81) 

110 

D00 

1,300 

2,310 

5 

1  47 

ii  in. 

Off  Cape  Eiinio  (Tlukkaiilo). 

300 

150 

420 

3.810 

4,230 

10 

0  48 

p.m. 

Do. 

270 

100 

fii» 

2.130 

2,820 

IS 

8  23 

p  in. 

Off  Hip  W.  mitt  of  Kii. 

811 

70 

410 

1.210 

1.020 

'21 

9  22 

p.m. 

Off  ("ape  Kiimo  (Hnkkiii<lo\ 

300 

150 

120 

3,f>70 

3  7'JO 

0  33 

a.m. 

Off  the  1'..  natbt  of  hnztwi. 

130 

110 

410 

020 

1  ii.  lit 

J,iwii 

0  :io 

pin. 

,.    n«wt  of  Hitachi . 

85 

CO 

140 

fitO 

820 

Feb.  fi 
1-2 

5  38 
1  20 

p.m. 
n.m. 

•  Sumi;   iliktancv    off   flip  K. 
j  const  o£  A\va-Kiucii8ii  ]ivnin- 

Tsu«atn  Stialt. 

100 

200 

300 
100 

10 

110 
170 

3,130 
400 

3  250 
570 

7 

a.ni. 

Kiknzen  l*#»y. 

100 

130 

430 

1.810 

2,260 

•20 

:i  52 

p.m. 

Off  tl«<  tx»l»t  of  Hik.lZ.MI. 

170 

80 

_  1,020 

1,760 

2.780 

•2-2 

0  57 

p.m. 

N.  pait  of  Khiiuosn. 

«•() 

10 

100 

520 

080 

Manh  1 

3  10 

p. in. 

Ull  llic  t..  nniM  i  t  HoKKa  ilo. 

350  200 

1 

!0 

2,410 

4.4iO 

0,010 

8  21 

p.m. 

<i   t  ..i  T>;i- ........ 

ti.  pint  ol  Kllvll/iri. 

no 

80 

100 

'JK0 

l,a50 

2,1)30 

ii  r-o 

a.m. 

ott  I  iijm>  Kruno  (llokka.ilo). 

150 

s» 

3  390  3.4S0 
1.020  !  2,150 

10 

7  10 

p.m. 

v  eintal  jmn  ol 

loo 

50 

» 

300 

7  48 

p.m. 

l)o. 

!J0 

00 

40 

7'J0 

2.440 

3,270 

•» 

11)  03 

p.m. 

|)o. 

]30 

!K> 

200 

1.740 

1  41K) 

3.430 

w 

1)  3S 

a.m. 

Vicinity  <>(  N.«la  iSLim.^i). 

110 

50 

40 

7:W) 

5'J0 

l.:W0 

18 

2  0? 

p.m. 

Off  tlu  .mist  of  Ivaki. 

18U 

140 

140 

1.010 

1*00 

2.U50 

3  Ifi 

p.m. 

(Vtifral  i«it  of  Kitu.hu. 

80 

(0 

270 

570 

8411 

W 

8  34 

a.m. 

OtitmuV  the  Kiku/cn  Itav. 

120 

oo 

1!)0 

(■<J0 

KM) 

23 

7  '28 

p.m. 

Off  the  S.  o,llst  of  Shikoku. 

2.'0 

130 

l'JO 

3.420 

3.010 

20 

1  11 

p.m. 

(Vntiul  jKirt  of  Inland  Sea. 

'JO 

50 

750 

1.310 

2.000 

■ 

8  22 

p.m. 

(Sump  iliatuiuv  off  tin-  L. 
|«»ih»  i>t  main  ImLhkI. 

m) 

400 

3.200 

5.0T0 

8.M10 

Digitized  by  Google 
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sr, 


Total 

a  en 

t 

Aren 

of 

(1) 

(list  culm  nee. 

seuxiblc  motion. 

l>iitf. 

Time 

of 

UlV. 

Origin  of 
.lUturlmmv. 

(*) 
■xU 

Bh<trt»r 
»\U 

(«) 

IIHMImII 

(7) 

(«) 

(»> 

*"!!»« 

lyu/ 

U'  6  I 

l>.m. 

(  Uomulnry  Ix'twtHU  lsc  nn«l 
I  Yuniuto. 

ri 
JzO 

ri 

ni-  1  i 

WO 

HJ.  W 
t>>MJ 

1  nin 

»\.  ri 
1,620 

■  >1 

p.m. 

•  ill  tile  omu»t  ot  l»alu. 

i£JO 

llnl 

MTl 
nU 

J.I  dl 

5,0811 

7  '28 

tVntrnl  |wiit  of  Hi^ii. 

40 

30 

11)0 

300 

'.1 

(1  «.> 

p.m. 

{Off    the    tx.iKt    of  Ittngo, 
((InLiti.l  Sea). 

5P2W 

140 

490 

3.1120 

2,390 

6.MC0 

11 

8  47 

a. in. 

Off  Capo  Krim<>  (IIo!;kai«io). 

270 

200 

50 

1.570 

3  5C0 

5.180 

4  05 

a.m. 

Central  pint  of 

HO 

40 

100 

G30 

550 

1  oun 
I,  J0( ' 

18 

2  33 

n.in. 

Viciuity  <  f  Kaxnma  (Hitachi). 

70 

40 

— 

100 

470 

570 

21 

4  31 

a.m. 

Off  the  euist  of  IwaVi. 

150 

120 

— 

120 

1,180 

1,300 

23 

*J  58 

n.  ni. 

IV.. 

300 

180 

410 

2.820 

2,540 

5.770 

25 

4  48 

n.m. 

Vicinity  of  Kuntkit  (Shinnuo). 

15 

15 

40 

130 

170 

f 

11  35 

n.iu. 

Off  Cape  Krimo  (lloikutilo). 

110 

120 

— 

30 

o70 

400 

2a 

3  30 

p.m. 

J 1  'II    tile     roust     ot  t)in^> 
((Inlnnil  Sm). 

=0 

20 

-- 

IK) 

320 

500 

30 

5  56 

11. m. 

Kikuzen  llav. 

120 

80 

— 

370 

1,550 

1,920 

0  51 

p.m. 

Off  the  r<«st  of  Hitachi. 

n:o 

110 

270 

810 

1030 

2,710 

5  37 

p.m 

coo 

400 

10 

450 

4W 

5 

2  16 

11. m . 

O.T  the  cou.-t  of  Hitachi. 

220 

180 

510 

•2  l'20 

3.130 

(,.00.0 

11 

7  25 

a.m. 

Rikuzeti. 

250 

150 

two 

3,4(50 

4,450 

10 

7  42 

a.m. 

Off  Ciipe  Erimo  (irokkuiilo). 

200 

150 

10 

320 

1,440 

1,770 

It 

4  49 

a.m. 

Off  the  SE  const  of  Xt-muni. 

100 

40 

50 

320 

520 

890 

23 

7  51 

a.m. 

Off  the  a»u*t  of  Kikuzett. 

250 

150 

1,440 

2.760 

4,200 

■  • 

9  18 

p.m. 

(Off    the    const     of  Bingo. 
Hlntan.1  Sen). 

100 

CO 

70 

920 

2.570  3.5C0 

11  3'J 

p.m. 

1><>. 

70 

:ki 

170 

1500  1,'30 

27 

7  00 

a.m. 

S.  jmrt  of  ShimutHiike. 

120 

50 

380 

050 

1.330 

June  7 

6  51 

a.m. 

J  Sotnfl  <.li*t«tuv  off  the  F..  const 

400 

200 

100 

1 

630 

730 

Digitized  by  Google 
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F.  Omori : 


(1) 

(2) 

(••') 

Total  itren 
of 

ilistnrtmnn-. 

Area  of 
sensible  motion. 

Date. 

Time  of 

Origin  of 
di-Htnrbnnw. 

(*) 

(5) 

Slmrtrr 

(«) 
rootloo 

(7J 
mo:  Ion 

(8) 

motion 

0) 

1907 

June  11 

8«59m 

1 1- til . 

(  Off  the  NE.  coast  of  Kaznsn. 
\    fs35°  30%  A -=140°  45'E. 

ri 

ri 

8q.  ri 

Aim 

■q.  ri 

sq.  ri 
2,480 

sq.  ri 
4,780 

14 

1 

43 

p.m. 

Au4' 

J«JU 

ATI 

wlIU 

810 

1.150 

29 

2 

50 

p.m. 

Vicinity  of  .Snziika  (Sliinnno). 

HO 

70 

250 

470 

750 

July 

i 

11 

48 

a.m. 

Off  the  omt  of  Hitachi. 

I'll! 

fin 

220 

020 

1.140 

•j 

5 

45 

n.m. 

Vicinity  of  KnKuniign-nra. 

ion 

030 

1,180 

i 

a 

17 

p.m. 

Off  the  X.  rm«t  «»f  Formosa. 

750 

950 

<; 

0 

45 

n.m. 

Xrmuro. 

(Win 

5,100  10.150 

10 

6 

35 

a.m. 

Do. 

CO 

550 

H20 

•21 

1 

10 

n.m. 

Off  the  otitiHt  of  KiisJiiro. 

80 

70 

— 

350 

020 

070 

2(1 

8 

10 

p.m. 

Off  the  E.  «»wt  of  lintsa. 

110 

00 

- 

250 

510 

700 

27 

4 

23 

p.m. 

Vicinity  of  Knwnwn  (Masashi) 

150 

1C0 

100 

650 

500 

1.2V) 

Aug. 

1 

3 

47 

p.m. 

Ceutml  port  of  Formosa. 

40 

30 

50 

230 

500 

781 

7 

11 

17 

a.m. 

Bnngo  Stniit. 

100 

00 

100 

780 

1,230 

2.110 

14 

4 

50 

a.m.' 

Off  the  cowst  of  I'gn. 

170 

140 

170 

1,500 

2.400 

1.100 

2fi 

8 

54 

a.m. 

E.  jsirt  of  Izumo. 

230 

100 

290 

2,650 

2,150 

5.090 

28 

3 

57 

p.m. 

Do. 

70 

40 

_ 

210 

560 

770 

31 

4 

04 

p.m. 

Off  Kinkn/nn  (Riknw-n). 

130 

80 

120 

530 

050 

Sept. 

1 

I 

OH 

a.m. 

IKent  Ko«<uiki-jimn,  off  the  S. 
(coast  of  KyusLn. 

1(H) 

0*1 

70 

320 

000 

1.050 

„ 

10 

n.m. 

Off  the  const  of  nidika. 

130 

80 

30 

380 

410 

7 

27 

p.m. 

E  part  of  Lmnio. 

70 

35 

430 

480 

910 

15 

C 

01 

p.m. 

Off  the  const  of  Hiilakn. 

230 

150 

110 

1.200 

1,600 

2,910 

M 

8 

21 

p.m. 

Off  the  const  of  Iliriitkn. 

250 

150 

170 

1,120 

3.150 

4,410 

ir. 

2 

21 

n.m. 

E.  part,  of  Iznmo. 

50 

25 

190 

230 

420 

Digitized  by  Google 
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(1) 

Dutc. 

W 

(3) 

Total  area 
of 

(Usturhnnce. 

Area  of 
Rtrudble  motion. 

Time  of 

Origin  of 
•listnrhance. 

(5) 

hlmr  i*r 

<«> 

(7) 

(«) 

•MIV"1 

motion 

(9) 

R»l« 

««« 

root  Inn 

mo*lon 

_ 

Su  in 

I0O7 

Sept.  22 

4  5l) 

■v.  m. 

( )ff  ♦  Vi*'  V.  t\ msl  iif  Knxuim. 

ri 

ri 

wi-  ri 

*i-  ri 
inn 

•q.  ri 
1,010 

eq.  ri 
2.520 

9  08 

p.m. 

Off  tru»  S  priil  (if  KtirmosA. 

20 

3U0 

:m 

Oct.  1 

r, 

10 

a  i6 

5  28 
tt  11 

1 1  m 

J    II  u 
I l  Til. 

p.m. 

TokYO  ltllV 

(Some  <tistnnoe  off  th*  «»st 
(of  Iwnlri. 

In  Tinlcp  Itiwtt 

Hit 

:m 

4() 

in 

200 
20 

40 
1,380 

90 
90 

2(H) 
4,130 
180 

300 
5,510 
270 

u 

3  51 

H.ni . 

Off  the  wiint  «>f  Echizen. 

J2U 

100 

» 

1.110 

2.040 

3,180 

13 

1  40 

p.m. 

Nntr  the  const  of  Hngnmi. 

60 

30 

10 

140 

210 

300 

15 

9  03 

n.tn. 

OH  llii!  const  of  Hitiichi. 

250 

150 

190 

2.160 

2.120  4,470 

at 

5  14 

fi.m. 

Hem  E.  const  of  Kii. 

70 

00 

170 

400 

510 

1.080 

27 

t  111 

p.ro. 

S.  part  of  lliiln. 

140 

100 

210 

1,490 

2.400 

4,100 

28 

8  33 

a.m. 

Off  the  coast  of  Iwami. 

100 

50 

300 

590 

K»> 

tt  1 

5  54 

p.m. 

Do. 

*J 

no 

— 

370 

1.250 

1.0*) 

9  17 

p.m. 

Off  the  const  of  Iwniki. 

200 

180 

100 

2.410 

2.810 

5.410 

Nov.  4 

6  03 

n.iu. 

(Near  Ko*hiki-«hinin,  off  the 
JS.  const  of  Kytmhti. 

70 

no 

— 
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§  V.i.  Distinction  ljttwetli  local  uud  large  earthquake*. 

1.  Introduction.  It  often  happens  that  procursory  shakings, 
or  "  fore-shocks,"  of  different  intensities  are  felt  at  the  epicentral 
district  of  a  great  earthquake.  As  the  latter  is  generally  due  to 
the  formation  or  enlargement  of  a  fault  or  crack  of  considerable 
length  along  a  seismic  zone  in  the  earth's  crust,  it  is  quite  natural 
that  some  of  the  weakest  secondary  points  at  the  strained  region 
should  lirst  give  way  and  produce  the  minor  shocks,  before  the 
dislocation  or  fracture  along  the  whole  extension  of  the  focus 
produces  the  final  great  disturbance.  In  many  instances,  the  fore- 
shocks  were  quite  numerous,  some  of  them  attaining  the  intensity 
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of  a  semi-destructive  motion.  I  montion  next  tho  more  typical 
cases  of  the  destructive  earthquakes  in  Japan,  which  were  preceded 
by  these  small  shocks. 

2.  Earthquake  of  Kagi  (Forworn)  of  1906*  The  destruc- 
tive earthquake  in  tho  Kagi  prefecture,  Formosa,  on  March  17, 
1906,  caused  by  the  formation  of  tho  Raishiko  and  Chinsekiryo 
Faults,  (the  Bulletin,  Vol.  I,  No.  2),  was  preceded  about  5 
minutes  before  by  two  strong  shocks  accompanied  by  very  loud 
jinari,  or  sounds,  like  that  due  to  a  continuous  discharge  of 
gun.  As  these  disturbances  were  quite  unlike  ordinary  earth- 
quakes felt  there,  the  people  were  alarmed  and  took  precaution 
for  an  escape  in  case  of  emergency,  many  running  out  of  doors. 
Thus  it  happened  that  a  comparatively  small  proportion  of  the 
inhabitants  remained  within  doors  at  the  time  of  the  final  great 
shock,  a  circumstance  which  must  have  considerably  reduced  the 
amount  of  casualties. 

Tho  occurrence  of  the  premonitary  shocks  and  jinari  was 
also  very  striking  in  the  cases  of  the  Ansoi  and  Riku-U  earth- 
quakes (§§3  and  4). 

3.  Ansel  earthquake  In  Central  Japan. "  The  great  earth- 
quake of  the  1st  year  of  Ansoi  (1854),  which  was  violently  felt 
in  the  provinces  of  Iga,  Ise,  Omi,  Yamato,  Yainashiro,  and  Settsu, 
took  place  on  July  0,  at  about  2  am.*  The  opifocus  was  a  zone 
about  100  km.  in  length,  which  stretched  from  the  vicinity  of 
Yokkaichi  (in  Tse)  to  that  of  Nara  (in  Yamato),  passing  by  tho 
north  of  the  town  of  Uyeno  (in  Iga),  where  considerable  convul- 

*  This  is  different  from  tho  two  great  earthquakes  of  IX-e,  23  ami  21  in  the  same  year, 
which  originated  off  the  Pacific  coast  of  Japan.  See  also  my  note  '•  On  the  earthquako  zones 
in  wntml  Japan,"  the  BMHin,  Vol.  I,  No.  3. 
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sions  of  the  ground  were  produced.  At  the  last  named  place,  a 
moderate  shock  intenso  enough  to  drive  people  out  of  doors  had 
been  felt  already  two  days  before,  namely,  on  the  7th,  at  1  pm., 
succeeded  by  a  stronger  and  unusually  severe  one  at  a  little 
before  2  pm.  These  two  shocks,  which  caused  some  cracks  of 
the  plastered  walls,  were  followed  by  incessant  jinwi,  or  earth 
sounds,  liko  thunders  heard  toward  the  north-west,  the  number 
of  the  minor  shakings  which  occurred  before  the  evening  being 
27.  It  is  recorded  that  a  traveller  happening  to  arrive  at  Uye- 
no  the  same  day  was  frightened  by  the  jinari,  so  he  went  on 
and  stayed  at  Kasagi,  thereby  escaping  the  risk  of  the  dis- 
astrous earthquake.  During  the  night  of  the  7th,  the  people 
were  panic- stricken,  no  one  going  to  bed.  On  the  next  day  (the 
8th),  the  weather  was  fine,  and  although  the  jinari  did  not  cease, 
there  was  no  spceially  severe  shock,  and  the  people  began  to  Ik> 
somewhat  reassured.  In  the  same  evening,  however,  there  were 
a  few  small  shakings  at  about  8  pm.,  the  final  great  earthquake 
having  taken  place  the  next  morning  at  2  am.  The  two  shocks 
at  1  and  2  pm.  on  the  7th  were  also  felt  in  Osaka. 

4.    Jtiku-i'  earthquake  of  Aug.  31,  1896,  at  ,%h  Om  pm. 

The  Kiku-U  earthquake  was  most  violent  in  the  two  counties  of 
Senpoku  and  Hiragu,  in  the  province  of  Ugo,  and  in  the  county 
of  Nishi-Waga  in  the  province  of  Pukuchu,  producing  the  lines  of 
dislocations  known  as  the  Senya  and  Kawafuno  Faults.  In  the 
epicentral  district,  there  had  occurred  a  shock  of  moderate  intensity 
already  l»  days  before,  namely,  on  Aug.  23rd,  at  4  pm.,  followed 
daily  by  one  or  more  small  shakings.  On  the  31st,  at  9  am., 
there  was  a  strong  shock,  causing  some  damage  to  the  dwelling 
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houses  ami  throwing  off  the  plastered  walls  of  some  old  doso 
(Japanese  ware  houses).  Thereafter  occurred  nearly  30  shocks 
and  jinari ;  amongst  others  the  shook  at  4h  42m  pm.  being  the 
strongest.  24  minutes  later  on,  at  ah  Gm  pm..  the  linal  great 
earthquake  took  place. 

The  epicentre  1  district  had,  before  August,  1800,  been  only 
rarely  disturbed  by  earthquakes,  and  these  latter  had  not  been 
accompanied  by  jinari.  But  since  the  2 3rd  of  August,  the  earth- 
quakes were  invariably  accompanied  by  jinari,  indicating  their 
nature  sis  fore-shocks  and  the  proximity  of  their  origins. 

5.  Tonan  earthquake  of  Xov.  .7,  1000,  at  4h  41m  pm,* 
This  earthquake  originated  off  the  coast  of  Izu,  and  was  strongly 
felt  in  Kozu-shima,  Mikura-jima,  and  Miyake-jim:i.  At  the  last- 
named  island,  the  first  fore-shock,  which  was  moderate  in  inten- 
sity, occurred  at  8  am.,  on  the  4th,  followed  by  many  moderate 
and  slight  shakings.  At  Mikura-jima,  there  was  a  moderate 
shock  at  0  am.,  on  the  5th,  followed  every  five  or  ten  minutes 
by  others,  the  two  strongest  among  which  took  place  at 
2  and  3  pm.  respectively.  In  Kozu-shima,  there  was  at  8h 
10m  am.,  on  the  5th,  a  slight  shock,  followed  by  about  a  dozen 
moderate  and  slight  ones,  the  linal  and  largest  earthquake 
having  occurred  at  4h  41  m  pm.  the  same  day.  According 
to  the  instrumental  observations  in  Tokyo,  there  were  7  shocks, 
which  preceded  the  linal  earthquake,  and  the  first  of  which 
occurred  at  Oh  10m  am.,  on  the  5th,  the  strongest  among  these 
being  that  at  2h  10m  pm. 

6.  Mino-Owart  earthquake.  The  great  Mino-Owari  earth- 
quake of  Oct.  28,  1801,  at  Oh  37m  am.,  was  preceded  by 
a  strong  shock,  which  took  place  58  hours  earlier,  namely,  at 

*  "Toiinn"  klnmlK  nre  ILc  Manila  off  the  const  of  lzu  belonging  to  the  Fuji  volcanic  clmin. 
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Oh  14m  pm.,  on  tlic  25th  of  the  same  month.  In  the  epicentral 
area,  jinavi  wore  heard  from  time  to  time  before  the  great 
earthquake. 

7.  Hokkaido   earthquake   of  March   22,    1894.  The 

earthquake  of  March  22,  1804,  which  caused  damage  in  the  two 
provinces  of  Xemuro  and  Kushiro,  along  the  north-eastern  coast 
of  Hokkaido,  occurred  at  7h  20m  pm.,  the  origin  being  sub- 
oceanic  and  at  about  140  km.  to  the  south-east  of  the  city  of 
Xemuro.  This  earthquake  was  preceded  by  the  four  shocks, 
whose  times  of  occurrence  and  the  intensity  of  motion  at  Xemuro 
were  as  follows  : — 

(i)  3"  -19m  14'  am.  Slight. 

(ii)  2  22  ">.>  pra.  Moderate. 
(Hi)  2  33  25  pm.  Slight, 
(iv)  2  37  11)  pm. 

Thus  the  first  fore-shock  and  the  2nd,  which  was  the  strongest 
among  the  four,  had  occurred  respectively  15h  30m  and  4h  ~>7m 
before  the  final  great  earthquake. 

The  above  mentioned  four  fore-shocks  were  observed  with  the 
ordinary  (J  ray-Milne- Ewing  type  seismographs.  Had  the  observa- 
tion been  made  with  the  modern  sensitive  tromometer  adapted 
to  a  continuous  recorder,  probably  there  would  have  been  re- 
gistered many  other  small  insensible  shakings. 

8.  Remarks  on  the  fore-shock*  of  the  different  earth- 
quakes. The  time  distributions  of  the  Uiku-U  and  Tonan  fore- 
shocks,  which  occurred  on  the  same  days  as  the  principal 
earthquakes  themselves,  present  some  mutual  resemblance,  as 
will  Ixi  seen  from  the  following  table. 
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TABLE  I     FORE-SHOCKS  OF 


RTKU-U  AND  TONAN  EARTHQUAKES 


Rikti-U  Earthquake. 


Time  of 
Occurrence. 


Sucueasivo 
Interval. 


9h58"'am. 
10  13  am. 
3  07  pm. 
3  IS  pm.j 


)....0h  15"' 


.4  54 
.0  11 


4  42  pin. 


I 


5  OG  pm. 

(Great  Eqke.) 


5  20 


1  24 


0  24 


Tonan  Earthquake. 


Time  ivf 

Soceewdve 

Occurrence. 

Interval. 

9"  ltiu,am. 

• ....  4"  55'" 

2  11  pm. 

....0  37 

2  48  pm. 

....  0  0f> 

2  54  pm. 

....  0  13 

•  3  07  pm. 

I- 

....1  8 

4  15  pm. 

4  42  pin. 

1  

5'  88 


0  27 


Thus  the  successive  intervals  between  the  times  of  occurrence  of 
the  fore-shocks  were  on  the  wholo  identical  for  the  Kiku-U  and 
the  Tonan  earthquakes;  the  last  strong  fore-shocks  having  also 
occurred  in  the  two  cases  by  a  nearly  equal  time  interval,  namely, 
24  and  27  minutes  respectively  before  the  final  disturbances. 

The  interval  between  the  times  of  occurrence  of  the  first 
strong  fore-shock  and  the  linal  great  earthquake  was,  for 
the  different  eases,  as  follows : — 


13" 

  (5 

1 

1 

9 

2 

10 

  0 

15* 
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Again,  the  interval  between  the  time  of  occurrence  of  the 
principal  disturbance  and  the  commencement  of  the  last  epoch  of 
increased  activity  or  frequency  of  the  fore-shocks,  was  as 
follows  : — 

Anaei       Eqke  .    T>h  (T 

Riku-U      ,   8  34 

Tonnti    7  2(5 

Hokkaido  ,   4  57 

The  occurrence  of  fore-shocks  is  of  course  not  limited  to 
the  few  cases  of  the  great  earthquakes  considered  in  §  §  2  to  7. 
The  same  phenomena  are  shown  by  the  large  as  well  as  the 
semi -destructive  or  strong  earthquakes  originating  off  the  north- 
eastern coasts  of  Japan,  along  the  Fuji  volcanic  chain,  or  oft'  the 
eastern  coast  of  Formosa.    A  few  illustrative  cases  arc  given  next. 

9.  HokkaUlo  earthquake  of  June  4,  1803,  The  earth- 
quake of  June  4,  1893,  at  2h  27m  am.,  shook  the  southern  islands 
of  the  Kuriles.  Thus,  in  Shikitan  island,  the  shock  was  felt 
strongly,  being  followed  by  the  tsunami  along  the  coast,  which 
reached  a  height  of  about  8  feet  over  the  ordinary  sea  level. 
Again,  in  the  Shibetori  county  (northern  part  of  the  Etrup  island), 
the  tsunami  came  on  about  20  minutes  after  the  shock,  and 
caused  an  increase  of  water  of  5  feet,  forcing  the  river  waters  to 
flow  upwards.  The  tsunami  continued  till  9  am.,  and  the  large 
waves  were  repeated  five  times,  rocks  having  been  thrown  down 
at  many  places  along  the  coast.  l*rior  to  this  earthquake,  there 
had  occurred  between  the  1st  and  3rd  (June),  five  moderate  and 
slight  earthquakes,  which  shook  the  Kuriles  or  the  eastern  part 
of  Hokkaido ;  there  being  one  or  more  shocks  each  day  between 
the  1th  and  the  13th,  except  the  10th  and  the  12th. 
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10.  Karenko  (Formosa)  earthquake  of  1905.*  The  earth- 
quake of  Aug.  28,  1905,  at  lh  24m  pm.,  which  was  a  local  earth- 
quake and  which  was  semi -destructive  at  Karenko  (Formosa),  was 
preceded  by  several  fore-shocks.  Thus,  at  the  latter  town,  there 
was  a  shock  on  the  fore-noon  of  Aug.  8,  several  on  the  13th, 
one  each  on  the  18th,  10th,  20th,  and  21st.  A  moderately  strong 
shock  occurred  on  the  20th,  at  4h  50m  pm.,  followed  by  a  few 
slight  ones,  the  final  strong  earthquake  having  taken  place  on 
the  28th.  The  after-shocks  were  also  numerous,  there  being  20 
or  30  of  these  on  the  same  day  and  on  the  29th. 

1L  Oshima  (Ixu)  earthquakes  of  June  6"  ami  7,  1905. 
These  two  earthquakes,  which  caused  some  damage  in  the  island 
of  Oshima  (I7.11),  were  preceded  by  numerous  small  shocks. 
According  to  the  report  of  the  Governor  of  the  island,  there  were 
more  than  30  shakings  between  1  am.  and  lOli  15m  am.,  on  the 
5th,  and  a  strong  earthquake  took  place  at  Oh  35m  am.,  on  the 
0th,  causing  several  landslips  in  the  island.  The  subsequent 
shocks  were  very  frequent,  more  than  100  having  hapj>ened  be- 
fore 11  am.  the  same  day.  On  the  7th,  at  2h  39m  pm.,  there 
took  place  the  principal  earthquake,  which  were  followed  by 
more  than  50  after-shocks  in  the  course  of  the  next  12  hours. 

According  to  the  tromometer  observation  in  Tokyo,  the 
first  shock  occurred  on  the  5th,  at  10h  23m  20s  am.,  between 
which  time  and  the  midnight  of  the  7th  there  were  28 
others.  Of  these  the  22nd  one,  which  gave  the  greatest  diagram, 
took  place  on  the  7th  at  2h  39m  30s  pm.  The  following  table 
gives  a  list  of  the  earthquakes  observed  on  the  5th  to  7th  in 
Tokyo. 

•  my  notf  on  the  JtoWefciknku  i»u<l  Hasslus!,.,  enrthqnakd  of  Jnn.  11.  lflOft,  given 
«-l«ewJierc  in  this  XumWr. 
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TABLE  II.  —  OSHIMA  (IZU)  EARTHQUAKES  OBSERVED  IN  TOKYO 


No. 

Group.  , 

Intensity  in  Tokyo. 
(•..:.  Unfelt) 

Time  of  Occurrence 
in  Tokyo. 

Mean  Time  of 
Occurrence  in 
Tokyo. 

1 

i 

« 

5th  10"23'"2G'am. 

2 

*(Stronq  in  Onliimn) 

fith    0  40  34 

»> 

:i 

* 

0  43  37 

M 

4 

# 

0  59  Ki 

II 

5 

» 

1  13  43 

•  i 

<; 

*{Motlmitf  at  YukuhnmM) 

1  19  21 

II 

7 

8 

A 

* 

ate"  (2°m2) 

1  38  W 
1  50  50 

i» 
■  I 

2  08  44  »m. 

0 

*(M<*lrrttt*  at  Yokobnmn) 

2  05  09 

♦  i 

10 

Sllgbt  (at  Ml) 

_  11  M 

ii 

11 

* 

2  50  45 

•  I 

12 

* 

4  42  27 

ii 

ia 

*(.l/r>Jr»YiV  at  Yokohama) 

5  17  13 

» 

14 

• 

9  19  57 

II 

15 

9  23  08 

II 

10 

H 

# 

10  23  30 

II 

10  53  14  urn. 

17 

* 

0  30  14 

pm. 

'  18 

* 

0  49  22 

ii 

19 

20 

C 

* 

5  28  22 
9  28  55 

ii 
ii 

7  28  39  pm. 

21 

D 

7th    G  12  05 

am. 

6  12  05  am. 

22 

ctl.    .  ,/Stmnq  in  O.hlmaA 
SMl&JlU  mi  her     it  ratio   »«  , 
0      VYokulimiin.  ) 

2  29  30 

pm. 

2  39  30  pm. 

23 

• 

3  30  41 

ii 

24 

# 

3  44  18 

ii 

25 
26 

After- 
shocks. 

» 
* 

4  13  58 
8  43  54 

ii 
ii 

27 

« 

10  OfJ  51 

ii 

28 

* 

11  09  18 

M 
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From  the  above  table  it  will  be  seen  that  the  12  shocks,  >"os.  2  to 
13,  occurred  one  closely  after  the  other.  Similarly  the  f>  shocks, 
Xos.  14  to  18,  occurred  together,  being,  however,  separated  from 
the  preceding  ones  by  a  long  interval.  Thus  the  21  shocks, 
Xos.  2  to  22,  the  last  of  which  was  the  principal  earthquake, 
may  be  divided  more  or  less  definitely  into  the  five  groups, 
A,  B,  C,  D,  and  E,  whose  mean  times  of  occurrence  are  found 
to  be  as  follows  : — 

A  (  12  Shocks  )  fiUi:  2"     8™  44"  am.,  Time  Interval. 

1   8"  45"' 

B  (  5       „      )   10    53  14 

8  35 

C  (  2  )   7    28    39  pm. 


.10  43 
.  8  27 


D(  1       „      )  7th:  (5    12    05  nm. 

E  (  1       „      )   2    39    30  pm. 

The  successive  intervals  between  the  mean  times  of  occurence, 
which  may  be  regarded  as  indicating  the  most  active  epoch  of 
the  different  groups,  were  approximately  equal  to  one  another, 
varying  from  8h  27m  to  lOh  43m.  Further,  the  numbers  of  the 
shocks  in  the  first  four  groups  were  respectively  12,  5,  2,  and  1. 
That  is  to  say,  the  fore-shocks  of  the  earthquake,  No.  22, 
occurred  periodically  in  groups  at  a  mean  interval  of  about  8£ 
to  10£  hours,  the  activity  or  frequency  being  successively  lessened, 
till  the  principal  disturbance  finally  took  place.  This  time  rela- 
tion of  the  fore-shocks  is  somewhat  similar  to  that  in  the  case 
of  the  Ansei  earthquake  of  July  9,  1851. 

The  shocks,  Nos.  23  to  28,  were  the  after- shocks.  It  seems 
that  on  the  occasion  under  consideration  the  fore-shocks  were 
more  numerous  than  the  after-shocks. 

12.  Ifachijo-jhna  earthquakes  of  May  13,  1908.  The 
two  principal  earthquakes  on  May  13,  1908,  at  5h  23m  and  5h 
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37m  am.,  originated  under  the  ocean  nearly  midway  between  the 
Capo  Omae-zaki  of  Totomi  and  the  island  of  Hachijo-jima,  at  a 
distance  of  about  100  km.  to  the  north-west  of  the  latter.* 
There  wero  5  fore-shocks,  which  were  registered  at  the  mete- 
orological observatory  of  Hachijo-jima  on  the  Omori  horizontal 
pendulum  tromometer  of  150  times  in  the  EW  direction,  the  re- 
sults of  the  observation  being  shown  in  Table  III.  (See  the 
diagram  reproduced  in  PI.  XX1U.) 


TABLE  m.  EARTHQUAKE 


OBSERVATION  AT  HACHIJO-JIMA 

(Nob.  1-5  are  fore-shocks). 


No. 


1 

2 
3 
4 

r> 

<; 
7 


Time  of 
occurrence  at 

Hachijo-  Intensity. 

jiran. 
(May  13) 


4h44-l3'mn.  Insensible. 
5  Oti  50 
5  15  33 
5  19  30 
5  21  43 


Duration  of 


Max.  2a. 


Total 
Eqke. 


5  23  09 
5  37  55 


Strong. 


lralo' 
2  25 
0  35 
0  30 
0  30 

(  Longer 
{than  10™ 

i  Do. 


Prelimi- 
nary 
Tremor. 


Difference 
between  thf 
wiceesMve  times 
of  orenrrenee. 


16.0^ 

10.3 

10.8 
15.2 


0.043 
0.1  (i 
0.017 
0.024 
0.027 

Large. 
Do. 


8 
3 
2 
1 


37' 

43 

57 

13 

2f! 


The  time  difference  between  the  1st  and  2nd  shocks  was  22m 
37s,  while  that  between  the  2nd  and  3rd  shocks  was  shorter 
and  8m  43s.  The  succeeding  three  intervals  again  decreased  and 
were  respectively  3m  57s,  2m  13s,  and  lm  20s.  Thus  in  the 
present  case,  the  fore-shocks,  the  first  of  which  had  occurred 
39m  before  the  principal  earthquake,  quickly  increased  in  fre- 


•  This*  two  ejirthqnakcs  are  discussed  more  in  detail  elsewhere  in  this  Xuml*r. 
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quency  till  the  Litter  was  iimilly  produced,  indicating  a  rapid 
progress  of  disturbance  at  the  focus. 

13.  Distinction  between  local  ami  large  earthquakes. 
A  local  shock,  which  may  be  regarded  as  originating  from  a 
centre  or  point  and  is  sometimes  destructive  at  the  epicentre,  is 
characterized  by  the  smallness  of  its  total  energy.  Such  a  dis- 
turbance seems  generally  to  be  unaccompanied  by  the  fore- shocks. 
On  the  other  hand,  large  earthquakes,  whose  focus  has  a  con- 
siderable extension  and  may  be  regarded  as  being  equivalent  to 
a  collection  of  a  great  number  of  local  centres  of  disturbance 
arranged  along  a  zone,  seem  to  be  preceded  on  many  occasions 
by  minor  shocks.  The  fore-shocks  of  a  great  earthquake  may 
lirst  occur  several  days  or  several  hours  before  the  latter,  and 
their  time  distribution  may  be  sometimes  more  or  less  periodical. 

The  phenomena  of  fore-shocks  furnish  a  very  interesting 
subject  of  study,  and  give  a  practical  importance  to  the  tromo- 
metrical  observation  in  earthquake  countries.  My  belief  is  that  a 
large  destructive  earthquake  will  be  foretold  in  its  epicentral 
region  by  some  fore-shocks. 

Tokyo.       May,  1908. 
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Notes  on  the  Secondary  Causes  of  Earthquakes. 

By 

F.  OXORI,  So.  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

With  Pie.  XXTV-XXVIII. 
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$  l:J.    Lint  of  the  stronger  carthqnak.*  whose  origins  were  not  much  .lintant  from  Tokyo. 
§  II.  Conclusion. 

1.  Introduction,  Earthquakes  arc  caused  by  some  .sudden 
underground  disturbances,  which  may  consist  in  the  formation  or 
extension  of  a  fault,  the  production  of  a  fissure  or  cavity,  the 
subsidence  or  upheaval  of  a  piece  of  ground,  etc.  These  distur- 
bances themselves  are,  however,  the  results  of  the  stresses  going 
on  in  the  earth's  crust  for  a  considerable  interval  of  time  ;  a  great 
shock  at  a  given  portion  of  a  seismic  region  occurring  in  general 
only  once  in  several  years  or  even  several  centuries.  When, 
therefore,  an  earthquake  is  about  to  happen,  the  earth's  crust  in 
the  vicinity  of  its  focus  is  in  a  critical  condition  and  must  be 
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very  sensitive  to  the  effects  of  changes  in  the  atmospheric  pres- 
sure, the  amount  of  precipitation  of  rain  and  snow,  the  variation 
in  the  weight  of  the  sea  water  in  the  tidal  movement,  etc.  These 
external  agencies,  which  constitute  the  secondary  earthquake  cause* 
have  evidently  an  important  bearing  on  the  seismic  phenomena, 
and  the  present  paper  contains  some  notes  on  the  relations  of 
these  to  the  time  distribution  of  the  shocks  in  Japan.* 

2.  Examples  of  local  ctiaracteristics.  The  following  aro 
some  examples  of  the  cases,  in  which  strong  or  groat  earthquakes 
in  a  given  region  occurred  in  approximately  the  same  parts  of 
the  year  or  of  the  day. 

(a)  The  destructive  earthquake  of  Kumamoto  (Kyushu)  took 
place  on  July  28,  1889.  Its  numerous  after-shocks  gradually 
decreased  in  frequency  till  1804,  when  a  strong  earthquake  oc- 
curred on  Aug.  8.  A  tlurd  strong  shock  took  place  on  Aug.  27, 
1905,  followed  by  a  fourth  on  March  10,  1907.  The  times  of 
occurrence  of  these  4  earthquakes,  the  three  last  of  which  were 
not  destructive,  are  given  in  the  following  table. 


TABLE  I  -LIST  OF  THE  SEVERE  KUMAMOTO  EARTHQUAKES. 


No. 

Date. 

Timo  of  Occurrence. 

1 

.Tilly     28,  1889. 

11"  4l),n  pm. 

2 

Aur.      8,  1894. 

11   19  ,. 

:J 

Aug.    27,  1902. 

10  42  „ 

4 

March  10,  1907. 

10  o:j  „ 

(M    The  severe  earthquake  of  May  26,  1898,  at  3"  0ra  0'  am., 


*  'llie  timo*  aro  ulwiy*  given  in  the  1st  Xormal  -h\mn  Time,  or  flint  of  lonsitiule  135"  K.. 
of  OrwQwich. 
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which  caused  some  slight  damage,  originated  in  the  District  of 
Uonuma,  near  the  town  of  Muikamachi,  in  the  province  of  Echigo. 
Six  years  later,  namely,  in  1904,  a  second  sovere  earthquake  took 
place  on  May  8,  at  4h  23m  49s  am.,  the  origin  being  close  to  that 
of  the  preceding  shock. 

(c)  The  great  sea- waves  of  1890  along  the  north-eastern 
coast  of  the  Main  Island,  known  as  the  .Sanriku*  tsunami,  were 
caused  by  an  earthquake,  which  took  place  on  June  15,  at  lh 
pm.  Five  years  later,  namely,  in  1901,  there  was  also  some 
tidal  disturbances  accompanying  an  earthquake  which  occurred 
on  June  15,  at  G£  pm. 

(d)  The  great  Shonai  earthquake  of  1894,  which  caused 
enormous  damage  to  life  and  property  in  the  city  of  Sakata  and 
the  vicinity  (provinces  of  Uzen  and  Ugo),  took  place  on  Oct.  22, 
sit  5h  35m  pm.  The  great  Riku-U  earthquake  of  189G  took  place 
on  Aug.  31,  at  5h  Dm  pm. 

Thus  it  will  be  seen  that  the  first  three  Kumamoto  earth- 
quakes, (a),  were  in  July  or  August,  while  all  the  four  occurred 
late  in  the  evening,  namely,  between  1  Oh  03m  pm.  and  llh  40m 
pm.  The  two  Ecliigo  earthquakes,  (b),  took  place  in  the  month 
of  May,  at  3h  Om  to  4h  23m  am.  The  two  Sanriku  earthquakes, 
(e),  occurred  on  June  15,  at  G£  to  7$  pm.  Finally,  the  two  great 
destructive-  earthquakes  of  Northern  Japan,  (d),  occurred  at  5h 
Om  to  5h  35m  pm. 

From  these  examples  it  may  bo  inferred  that  great  and  strong 
earthquakes  in  a  given  district  often  have  a  tendency  to  occur 
in  certain  months  of  the  year,  or  at  certain  hours  of  the  day. 
Tlus  is  to  be  regarded  as  indicating  the  local  peculiarities,  probably 

•  S>iM-ik  >t  .lenotes  tlio  three  liirge  provinces  of  Ilikuzen,  Rikuchn,  ami  Mutso.  which  form 
the  north-e«.stcra  rwrt  of  the  Main  IslftmL 
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depending  on  the  tidal  movement  of  the  sen  water  and  the  annual 
and  diurnal  variations  of  the  barometric  pressure.  As  an  example 
relating  to  great  earthquakes  occurring  along  an  extensive  seismic 
zone,  I  mention  the  four  recent  destructive  shocks  of  San 
Francisco,  Mexico,  and  Central  America,  whose  dates  were  as 
follows  : — 


TABLE  II.— EARTHQUAKES  ALONG  THE  SOUTH-WESTERN 
COAST  OF  NORTH  AMERICA. 


Date. 

Earthquake. 

April    10,  1902. 

Guatemala. 

18,  1900. 

Earthquake  of  Sau  Francisco. 

„      15,  1907. 

Mexico. 

March  20,  1908. 

M 

Thus  the  first  three  shocks  occurred  all  in  the  month  of  April, 
l>ctween  15th  and  19th,  while  the  4th  occurred  in  the  latter  part 
of  March. 

3.   Strong  eavthqnakes  in  Shimosa  and  Hitachi.  The 

following  table  is  a  list  of  the  earthquakes  felt  strongly  at  Mizu- 
kaido,  .Sahara  and  other  places  along  the  lower  course  of  the 
Tonc-yawa,  which  forms  the  boundary  between  the  two  provinces 
of  Shimosa  and  Hitachi.  The  land  areas  of  disturbance,  within 
which  the  motion  was  sensible  or  was  recorded  by  the  ordinary 
Gray-Milne-Ewing  type  seismographs,  wero;  in  each  case  over 
1,000  sq.  ri. 
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TABLE  III.    STRONG  EARTHQUAKES  IN  SHIMOSA  AND  HITACHI 


Xo. 

Date. 

Time  of  Earthquake  Occurrence. 

1 

March 

3, 

1002. 

<)u  13"'  am. 

2 

I* 

25, 

2   35  pm. 

3 

Aug. 

8. 

•  ' 

8   37  am. 

4 

l)ec. 

14. 

1   57  pin. 

r, 

'» 

SI. 

»» 

2  38  pm. 

<; 

May 

«. 

1904. 

7   24  am. 

7 

June 

30, 

8   21  am. 

It  will  be  observed  that  four  of  the  sewn  earthquakes  given  in 
the  above  table,  namely,  Xos.  1,  3,  G,  and  7,  occurred  at  7  to 
am.,  while  the  remaining  three,  Xos.  2,  4,  and  "j,  occurred  at  1 
to  2  pm.  These  two  groups  of  the  times  of  occurrence  may  be 
regarded  as  approximately  agreeing  with  a  pair  of  epochs  of  the 
maximum  and  minimum  in  the  diurnal  variation  of  the  barometric 
pressure. 

4.  General  relation*  of  the  aecowlary  causes  on  earth- 
quake frequency.  The  secondary  causes  of  earthquakes  as 
enumerated  in  §  1  make  themselves  sensible  by  the  variation  of 
the  vertical  pressure  exerted  on  the  earth's  crust.  Let  us  examine 
a  few  simple  cases  of  the  relations  of  the  secondary  causes  to 
earthquake  frequency. 

(a)  Suppose  ab  to  be  a  horizontal  layer  of  the  earth's  crust, 
which  is  undergoing  a  tension  parallel  to  its  plane.  Then  an 
increase  or  decrease  in  the  pressure,  <\  applied  vertically  to  it, 
will  equally  accelerate  the  formation  of  a  vertical  rupture  or 
crack.    (Figs.  1  and  2.)    In  the  case  the  layer  ab  is  undergoing 
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a  compression  in  its  plane,  a  variation  in  the  external  pressure 
may  tend  to  produce  a  dislocation  or  slipping. 

(b)  When  the  layer  ab  is  being  pushed  upwards  from  below, 
a  decrease  in  the  barometric  pressure,  the  weight  of  the  sea 
waters,  etc.,  will  favour  the  occurrence  of  the  rupture. 

(c)  When  the  layer  ab  is  being  pushed  down,  the  increase 
in  the  pressure  due  to  the  secondary  causes  will  tend  to  the  same 
result. 


Fig.  1. 


Fig.  2. 


h  a 


(Down) 


(Down) 


I'r.  sHiire 


I  give  next  a  few  cases  illustrating  some  of  these  principles. 

5.  Jinari*  at  Arima,  1899-1900.  The  earth  sounds,  or 
jinari,  at  the  famous  hot  spring  place  of  Arima,  near  Kobe  (pro- 
vince of  Sottsu),  began  on  July  5,  1891),  and  were  very  numerous 
during  the  several  succeding  wreeks.  The  maximum  daily  number, 
probably  about  200,  was  reached  at  the  beginning  of  August,  thence 
the  frequency  gradually  decreasing.  After  the  8th  of  August,  the 
times  of  occurrence  of  these  jinari  were  carefully  recorded  at  the 
city  olhce  of  Arima ;  the  total  number  during  the  rest  of  the 
month  being  581.    In  the  four  months  of  September  to  December 


•  The  Jaiwuesc  word  "  jinari,"  which  siguiik-s  rati K  rnntml,  m  >y  lie  mod  to  <lcuo(e  earth- 
■  liuike  sounds  as  woll  as  those  sounds  hcanl  in  volcanic  and  other  districts  which  arc 
jinniwl  only  by  very  slight  tremblings  of  th?  ground 
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Fig.  3  Frequency  of  the  Jinari  at  Arima. 

Fig.  4  Barometric  Pressure  at  Kobe. 
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there  were  altogether  050  of  the  jinari,  which  did  not  completely 
cease  in  the  course  of  the  next  year. 

The  origin  of  disturbance  was  situated  at  a  distance  of  about 
2  km  to  the  south  of  Arima  among  the  Kokko  Mountain,  whoso 
formation  is  of  granite  and  diorite.  Judging  from  the  frequency 
distribution  of  the  jinari  in  the  vicinity,  the  focal  depth  was  very 
small,  and  probably  between  £  and  2  km.  The  sounds,  wliich  were 
sometimes  very  loud,  were  mostly  like  that  caused  by  the  discharge 
of  gun  at  a  distance,  or  falling  of  a  heavy  mass  on  the  ground. 
The  tremblings  of  the  ground,  which  followed  the  sounds  after 
an  interval  of  0.5  to  1.0  second,  were  generally  slight.  On  a 
few  occasions,  however,  the  earthquake  movement  was  quite  sharp, 
and  caused  the  falling  down  of  some  roof  tiles,  rolling  down  of 
rock  fragments  from  mountain  slopes,  etc. 

Table  IV  gives  the  hourly  distribution  of  the  1,234  jinari 
recorded  at  Arima  between  Aug.  8  and  Dec.  31,  1800,  and  the 
mean  hourly  barometric  height  during  the  same  interval  for  the 
meteorological  observatory  of  Kobe,  which  was  not  much  distant 
from  the  origin  of  disturbance. 


TABLE  IV. -DIURNAL  VARIATIONS  OP  THE  FREQUENCY  OF 
THE  .TIXAiil  AT  ARIMA  AND  THE  BAROMETRIC  PRESSURE  AT  KOBE. 


JiiHiri  at  Arimit. 

Atmospheric  Pressure  at  Kobo. 

Hour  Interval. 

Number  of  jinari 

J  lour. 

liarometrie  Height.* 

i.  u 

0-  1  AM. 

1-  2 

2-  n 

M 
43 
51 

ii 

1  AM. 
2 

:t 

700  +  57.78 
57.72 
57.00 
57.01 
57.(58 

:$—  4 

4—  5 

50 
48 

4 
5 
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Jinnri  at  Ariina. 

Atmospheric  Pressure  at  Kol>e. 

Hour  Interval. 

Number  of  jtflflW. 

1  Tour. 

Barometric  Height.* 

i)  i. 

•  > —  l»  AM. 

«  am. 

mm 

57.85 

•HI 

7 

58.15 

7  ft 

8 

58.20 

8—  9 

r>i 

58.39 

.J — 11' 

l»U 

10 

58.30 

1  <>  11 

«>4 

11 

57.98 

11     1  o 

ft  I 

 57.50 

(i      1  i>\r 

;>(» 

1  I'M. 

57.07 

1  o 

4  1 

2 

50.85 

2   •{ 

.).> 

3  50.84 

a—  -a 

58 

4 

50.95 

4-  5 

fil 

5 

57.11 

r>—  o 

10 

0 

57.30 

0  7 

45 

7 

57.50 

7—  8 

14 

8  , 

57.70 

8  9 

40 

•  ; 

57.91 

!)-  -10 

7:5 

10 

58.02 

10  11 

02 

11 

57.9S 

11  12 

71 

Midnight. 

I 

57.88 

(S'«;»  

1234 

51.4 

*  Reduction  to  t>lumlni<1  gravity  = —0.70  mn>. 
Kiductioti  to  meiin  wn  k\cl  = +5-40  mm. 


As  illustrated  in  Fig.  3,  the  diurnal  variation  of  the  fre- 
quency of  the  jinari  at  Arima  shows  very  clearly  1  maxima  a, 
b,  c,  d,  and  the  4  corresponding  minima,  indicating  a  six-hour 
l*>iiodicity.  Further,  it  will  be  observed  from  Fig.  4  that  the 
diurnal  variation  of  the  barometric  pressure  at   Kobe  shows 
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the  two  maxima  and  two  minima,  indicating  as  usual  a  12-hour 
periodicity.  Comparing  tlie  two  figures,  we  see  that  the  mutual 
relation  between  the  jinari  frequency  and  the  barometric  pressure 
is  striking,  tin*  two  maxima,  b  and  </,  and  the  two  other  maxima, 
a  and  r,  of  the  former  occurring  nearly  at  the  same  hours  resjjec- 
tively  with  the  two  maxima  and  minima  of  the  latter.  The 
epochs  of  the  4  maxima  a,  b,  e,  rlf  indicated  by  the  mean  fre- 
quency curve  of  the  jinari  are  as  follows  : — 

1st  Maximum,  (a)  about  3  am. 

2nd       ,.        (b)   11  „ 

3rd        „         (c)   4  pm. 

•1th        „         (<1)  botween  10-11  „ 

The  differences  between  the  4  maxima  a,  c,  b,  d,  and  the  corres- 
ponding minima  (the  preceding  minimum  in  each  case,  say),  are 
as  follows : — 

Difference  in  tho  fi&jnency. 


1st  Max.  and  Min   17 

2nd  „    28 

3rd  „    20 

4th  „    :J3 

Actraijv   25 


This  average  difference  may  approximately  be  regarded  as  the 
effect  due  to  the  barometric  pressure,  and  corresponds  to  about 
7M%  of  the  mean  hourly  frequency,  namely,  51.4. 

As  the  jinari  are  purely  local  phenomena  of  a  shallow  origin, 
it  is  to  be  quite  expected  that  their  frequency  should  be  influenced 
by  the  barometric  pressure.  What  was  said  above  indicates  that 
both  the  increase  and  the  decrease  of  the  pressure  equally  causes 
an  increase  in  the  frequency  of  the  jinari,  in  accordance  with  the 
principle  stated  in  §  4,  (a). 
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6.  Diurnal  variation  of  earthquake  frequency  in  Tokyo. 
The  diurnal  variation  of  the  seismic  frequency  in  Tokyo  also 
si iows  clearly  the  same  characteristic  as  the  jinari  at  Arima. 
The  following  table  gives  the  distribution  in  the  24  hours  of  the 
day  of  2,208  earthquakes  instrumentally  observed  during  the  24 
years,  1870-1899,  at  the  Central  Meteorological  Observatory,  and 
the  mean  hourly  values  of  the  barometric  pressure  at  the  same 
place.* 

TABLE  V.  —DIURNAL  VARIATIONS  OF  THE  FREQUENCY  OF 
EARTHQUAKES  AND  THE  BAROMETRIC 
PRESSURE,  IN  TOKYO. 


Earthquakes  (1870-1899). 

Atmospheric  Pressuro. 

Hour  Interval. 

Frequency. 

Hour. 

Barometric  J  [eight. t 

0-  1  AM. 

1-  2 

2-  3 

3  ^  4 

4—  r> 

5—  o 

0—  7 
7  -  8 
S  9 
9  10 

10-  11 

11—  12 

92 
81 
90 
85 
71 
87 
9f> 
92 
90 
113 
93 
81 

l"  AM. 

2 

3 

4 

5 

G 

7 

8 

9 
10 
11 

700  +  59.33 
59.24 
59.18 
59.21 
59.35 
59.58 
59.79 
59.95 
00.00 
59.88 
59.49 
 58.98 

0—  1  PM. 

1  2 

2  -  3 

79 
91 

85 

1  TM. 

2 

3 

58.5(5 
58.31 
58.27 

*  Ri'ijrixltH*>l  fruni  the  l'nhUmt'u<ns  <>f  (he  hjurllupmlr  7n»v.s%<i/t<m  CcnhmUhf,  No.  R. 
t  With  the  freezing  point  correction.    Reduction  to  Rtnmlnttl  gravity  =  —  0.G3  mm; 
reiliKtion  to  sen-level  =  + 1.!>-1  mm. 


Diurnal  Variations.  Tokyo. 


PL  XXV. 
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TABLE  V.  (Cunt.) 


Earthquakes  (187(1-1899). 

Atmospheric  Pressure. 

Hour  Interval. 

Frequency. 

Hour. 

Barometric  J  [eight. 

h  h 

3-  4  pm. 

104 

4  PM. 

mm 

700  +  58.33 

4—  5 

97 

5 

58.52 

5-  (5 

81 

r» 

58.82 

G—  7 

89 

7 

59.14 

7—  8 

93 

8 

59.40 

ft — 9 

104 

9 

59.(50 

9-10 

100 

10 

59.(11 

10—11 

107 

11 

59.54 

11—12 

99 

Midnight. 

59.43 

Fig.  7,  drawn  from  the  3- hourly  earthquake  numbers,  repre- 
sents the  mean  course  of  the  diurnal  variation  of  the  seismic 
frequency,  which  will  be  seen  to  bo  on  the  whole  parallel  to  that 
of  the  atmospheric  pressure.  That  is  to  say,  the  ordinary  (non- 
destructive) earthquakes  felt  in  Tokyo  happen  more  frequently 
with  the  high  barometer  than  with  the  low,  illustrating  a  case 
stated  in  §  4,  (c).  The  curve  of  the  hourly  seismic  frequency 
(Fig.  5)  indicates,  however,  4  maxima,  namely,  a  pair  of  principal 
maxima,  a  and  b,  respectively  at  9-10  am.  and  9-1  Opm.,  and  a 
pair  of  the  secondary  maxima,  c  and  rf,  respectively  at  2-3  am. 
and  3-4  pm.  On  comparing  Figs.  f>  and  0,  it  will  be  noted  that, 
according  to  the  principle  of  §  4,  (a),  the  two  maxima,  C  and  D, 
and  the  two  minima,  C  and  17,  of  the  barometric  pressure 
correspond  respectively  to  the  pair  of  the  principal  maxima  and 
the  pair  of  the  secondary  maxima,  of  the  seismic  frequency. 
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7.  Precipitation  and  yearly  earthquake  frequency  in 
Tokyo,  It  is  quite  conceivable  that  the  yearly  earthquake 
frequency  in  Tokyo  is  related  to  the  amount  of  the  precipitation 
of  rain  and  snow  in  the  plain  of  Musashi,  on  which  the  city  is 
situated,  or  along  the  north-western  coast  of  the  Main  Islnnd, 
where  a  large  amount  of.  the  moisture  is  deposited  during  the 
winter  months.  I  give  in  the  second  column  of  Table  VI,  the 
yearly  numbers  of  the  earthquakes  which  were  not  teleseismic 
and  which  were  instrumentally  recorded  during  the  32  years, 
1870-1907,  at  the  Central  Meteorological  Observatory.  The  obser- 
vations were  made  at  first  with  Palmieri's  seismograph,  but  since 
1887  by  means  of  a  (Jray-Milne-Ewing  type  seismograph.  It 
will  be  observed  that  the  earthquake  number  was  minimum 
(  =  32)  in  1883,  and  maximum  (==210)  in  1890,  thence  the  fre- 
quency is  on  the  whole  decreasing.  For  the  sake  of  reference, 
I  give  in  Table  VII,  the  mean  barometric  pressure  and  tempera- 
ture, and  the  amount  of  precipitation  in  Tokyo  during  eacli  of 
these  32  years.  As  a  trial  I  have  taken  into  consideration  the 
amount  of  precipitation  at  Niigata  and  Akita,  both  situated  along 
the  Japan  Sea  coast,  as  the  observations  at  these  two  places  date 
since  1882  and  1883,  respectively  over  the  long  intervals  of  20 
and  25  years  (Table  VI).  The  city  of  Niigata,  about  200  km  to 
the  NNW  of  Tokyo,  is  situated  at  the  mouth  of  the  Shinaiio-</afr«, 
the  quarteinary  plain  about  the  lower  course  of  the  latter  and 
the  neighbouring  rivers  being  the  largest  in  Japan  next  to  the 
Tokyo  plain.  The  city  of  Akita  is  at  about  140  km  to  the 
north  of  Tokyo. 
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TABLE  VI  - YEARLY  NUMBERS  OP  EARTHQUAKES  IN  TOKYO,  (1876-1907) 
AND  THE  AMOUNT  OP  PRECIPITATION  AT  NIIGATA 
AND  A  KIT  A  (1882-1907.) 


Year. 

Nnmlx^r  of 
Earth,  [tinkes 
iti  Tokyo. 

Amount  of  Precipitation. 

Akitn. 

1870 

50 

1877 

71 

* 

1878 

50 

■ 

1879 

70 

n 

1881 

64 

1882 

If, 

1341.3""" 

 liilil 

  mm 

1883 

32 

1796.5 

1530.4 

1066.5 

1884 

08 

183U.3 

1050.1 

1744.7 

liS 

15J35.it 

1809.5 

1872.7 

1880 

54 

15S0.1 

1780.O 

1083.1 

1887 

80 

1 107.9 

1405.3 

1400.0 

1888 

101 

1081.3 

1579.0 

1030.5 

188  J 

113 

1 88X3 

1937.0 

1913.5 

1890 

ut 

su 

1781.0 

1971.0 

1877.8 

123 

1877.7 

1820.0 

1818.9 

73 

1800.9 

1041.4 

1725.7 

59 

1717.9 

1775.2 

1740.0 

101 

1118.0 

159G.1 

1507.1 

tlMI- 

1  -J 

158(5.7 

1331.0 

1458.9 

18Ufi 

•216 

1851.1 

2335.1 

•2094.6 

1897 

16| 

2257.8 

1904.5 

2111.2 

1898 

111 

1717.0 

1039.0 

1708.3 

i«ua 

124 

1853.0 

1972.3 

1912.7 

1900 

150 

1953.3 

1H04.0 

190S.7 

l'.H)l 

121 

18«1.4 

US  1.0 

1750.5 

una 

110 

1093.3 

1853.8 

1773.0 

11)03 

104 

1858.9 

2141.4 

2OO0.2 

1901 

155 

1986.5 

1356.2 

1971.4 

154 

2133.5 

1957.2 

2045.4 

l'jor. 

132 

1713.2 

1535.0 

1024.1 

1907 

100 

1741.7 

1548.8 

1015.3 
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TABLE  VII.— MEAN  BAROMETRIC  PRESSURE  AND  TEMPERATURE, 
AND  THE  AMOUNT  OF  PRECIPITATION. 
TOKYO.  1876—1907. 


Year 

Moan  Barometric 

Mean 

Anuxifil  Amount  of 

iTessure. 

Temperature. 

Precipitation. 

mm 

0 

mm 

187<) 

M)l.l 

13.6  C 

1/56.4 

1877 

61.5 

13.9 

1317.3 

1878 

61.5 

13.6 

1764.2 

1879 

61.0 

14.4 

1492.7 

1880 

61.3 

13.9 

1685.7 

1881 

61.4 

13  (5 

14.44  4. 

1882 

61.5 

13  8 

1478  3 

ATX  f  O* '  * 

1883 

61.4 

13  2 

1552  6 

1884 

61.2 

12.8 

1314  8 

A  «  J  ATZ*<  > 

1885 

61.3 

13!o 

1531.7 

1880 

oi.r» 

13.9 

1286.3 

1887 

60.8 

13.8 

1250.0 

1888 

61.0 

13.5 

1378.5 

1889 

61.2 

13.3 

1319.3 

1890 

61.0 

15.0 

1958.2 

1891 

61  2 

14  4 

1220  8 

1892 

61.0 

14.0 

1715.1 

1893 

61.2 

13.8 

1161.3 

1894 

61.5 

14.8 

1320.8 

1895 

61.1 

13.8 

1397.8 

18% 

61.5 

14.0 

1373.9 

1897 

61.6 

13.2 

1197.2 

1898 

61.2 

13.9 

1711.9 

1899 

60.7 

13.8 

1649.1 

1900 

61.0 

13.6 

1188.0 

1901 

60.3 

13.8 

1588.9 

1902 

60.7 

13.7 

1753.7 

1903 

61.1 

13.7 

1912.2 

1904 

60.8 

13.7 

1381.8 

1905 

61.2 

13.5 

1330.1 

190(1 

60.3 

13.1 

1519.5 

1907 

60.7 

13.5 

1640.4 

•  With  tho  freezing  poiut,  ma  level,  ami  gmvity  currections. 
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Tho  variation  from  year  to  year  of  the  earthquake  number 
in  Tokyo  seems  to  have  no  marked  general  relation  to  that  of 
the  amount  of  the  precipitation,  or  to  tho  mean  temperature 
and  barometric  pressure,  at  the  same  place.  The  Tokyo  seismic 
frequency  varied,  however,  in  a  close  parallelism  with  the  amount 
of  the  precipitation  at  Xiigata  and  Akita.  As  will  be  scon  from 
Figs.  9  and  10,  both  the  absolute  amount  of  the  precipitation  and 
the  general  course  of  its  variation  with  years  were  nearly  alike 
for  these  two  places ;  the  annual  amount  of  precipitation  being 
in  each  case  taken  to  l>e  a  function  of  the  time.  Fig.  8  illustrates 
tlte  variation  of  the  yearly  seismic  frequency  in  Tokyo,  and  of  the 
mean  amount  of  the  precipitation  at  Xiigata  and  Akita  (Table  VI). 
The  curve  for  the  seismic  frequency  will  be  observed  to  l>e,  on  the 
whole,  similar  to  that  for  the  precipitation  (drawn  in  red);  the  highest 
valuos  in  both  occurring  in  the  two  years  1800  and  1897.  In  fact 
the  different  maxima  in  the  frequency  correspond  to  those  in  the 
amount  of  the  precipitation,  and  the  two  curves  run  nearly  parallel 
to  each  other.  This  coincidence  is  probably  not  accidental,  and  the 
variation  of  the  yearly  number  of  the  earthquakes  felt  in  Tokyo 
may  be  taken  to  be  approximately  proportional  to  the  amount  of 
precipitation  along  the  north-western  side  of  the  Main  Island. 

8.  Weather  and  destructive  earthquakes.  In  Japan,  India, 
America,  and  probably  also  in  some  other  countries,  earthquakes 
are  popularly  supposed  to  occur  specially  in  the  so-called  earth- 
quake  weather,  namely,  on  sultry  days.  Tliis  is,  however,  not  true, 
at  least  not  generally.  On  the  other  hand,  Carlyle  says  in  his 
French  Hevolution  :  "  Hope  ushers  in  a  Revolution, — as  earthquakes 
are  preceded  by  bright  weather."  Whatever  may  be  the  authority 
in  seismological  matters  of  the  great  British  author,  there  were 
certainly  many  earthquakes  which  occurred  in  bright  weather. 
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Indeed  the  relation  of  earthquakes  to  weather  is  a  veiy  complicated 
question,  as  it  involves  the  considerations  of  the  atmospheric 
pressure,  temperature  and  moisture,  and  the  precipitation.  Large 
shocks  and  small  shakings  are  often  governed,  in  their  time 
distribution,  by  entirely  opposite  laws.  So  are  also  earthquakes 
of  inland  origin  and  those  of  submarine  origin.  For  the  present, 
I  shall  confine  myself  to  the  consideration*  of  some  of  the  great 
destructive  earthquakes  in  Japan,  of  which  we  have  the  record 
of  the  state  of  the  accompanying  weather.  There  were  18  of 
these  shocks,  as  follows. 

TABLE  VIII.  -  RELATION  TO  WEATHER  OF  THE 


DESTRUCTIVE  EARTHQUAKES 


No. 

Date. 

Time  of 
Occurrence. 

Provinces  strongly 
Hlinken. 

Remarks  on  the  Weather. 

J 

Aug.  3.  1301. 

•1  am. 

Kiuni  Provinces,*  Kii. 
Awn.  (Accompanied  by 
t.mmmi'*) 

Fair  (Kyoto) 

2 

«fl«-fcfi->uj-u-3in 

Sept.  20,  HUH. 

a  am. 

1 

Inc.  Totomi.  Miknwa.  Kni. 
Suni^ii.  Sigiimi.  Izn. 
(Accompanied  by  ttu- 
tuimi.) 

Do. 

a 

Sept.  21.  1.M0. 

■\  am. 

1 

Settsn.  The  /•  »r»i.  or  tcm- 
l>le  Kate  u£  Shiti  uiio-ji, 
overthrown. 

Do. 

•» 

A:jF.+=ir--r--jjirAl! 

Jaji.  18,  IT)*',. 

Midnight. 

Kinai  Provinces,  Omi. 
Mim>,  Ownri.  Ise.  Mikn- 
wn.    (Accompanied  by 

t\Ha<tmi.) 

Snowy  (Kyoto). 

-  KA-jctm-bJl-l-.-H 
Sept.  »,  IMC. 

1  am. 

Vamnsliiro,  Sottsn,  Izumi. 
(Tlu?  great  Keieho  l\nrth- 
(pinko,  which  dcstrov»*l 
the  castle,  of  FnHhirai.) 

Fair  (Kyoto).  CouUmied 
to  l>e  fnir  till  Nth  ;  rain 
and  wind  on  Uth. 

•June  1«,  lf.<',2. 

11  am. 

Kirini  Provinces,  Ttuilm. 
Wakusa,  Omi,  Mi  no.  Ise, 
Surtign.  Miknwa,  Shinano. 
(Tlio  Kwuubttn  Earth- 
quake). 

1  n  Kyoto,  cecnnionnl  ruins 
from  the  previous  even- 
ing ;  heavy  minfnll  nt  the 
time  of  Die  riiock. 

*  The  Kinui  Provinces  are  YnniaRhiro, 

Ynmnto,  Kawacbi,  Izumi, 

mil  Settsu. 

**  T.imutmi  denotes  the  great  tidal  dit.tnrlmnc.es.  which  may  be  cnused  by  submarine  earth- 
quake*, volcanic  eruptions,  or  by  lmrometric  depressions 
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v- 

No. 

i 

Time  of 
( kvurrenw. 

Provinces  strongly 

Itemnrks  on  the  Weather. 

T 

i 

cIX  n  '1  r J  n  it -to 

Feb.  1.  WJCu 

1 

5  pm. 

TiJoitft  (Echigo.) 

1-f...,«<v   oniMC    fnll     ♦  #1... 

jic-nvy  snow  mil,  io  iue 
amount  of  some  13  feet. 

Dtv.  31.  1703. 

i 

■1  nm. 

Yedo  (Tokyo),  Kngnmi. 
Awn.  Knzuxa.  Accom- 
panied by  tsunami.  (The 
Oi  litoku  l'Jittbqunke.) 

Fair  in  Ye.lo  (Tokyo). 
C'nlm  nml  clenr  in  Kyoto. 

•J 

Oct.  '28,  171*7. 

i 

1  i>m. 

Kynshn  toToknido.  (The 
Iloei  Knrthqnnke.  tin1 
greatest  of  the  distur- 
bances that  ever  *hook 
Japan  in  the  historical 
times.) 

In  Kyoto,  clenr  nnd  enlin. 
In  Tosn  (Shikokn),  very 
clenr  utiil  bright,  with  in» 
cloud  nt  nil  ;  no  wind 
i  throughout  tbe  dny,  mid 
wnrm  tw  in  summer. 

1l» 

Dec  11.  \*tr>. 

Iviily 
morning. 

Ogi  (province  of  Sido.) 

On  lb.?  8th.  very  chur 
nnd  cnlni. 

11 

Dec.  18. 

7  nm. 

Snnjo  and  vicinity  (pn>- 
vince  of  Echigo).  (Tho 
lluiutei  Knrtb«innke.) 

Grent  snow  storm  in  the 
night  of  the  I7tb,  mid 
•tome  ruin  nnd  strong 
wind*  in  the  morning  of 
tbe  18tb. 

12 

i 

Aug.  l'J.  1*H>. 

I 

Kyoto  mill  the  Kinui 
Provinces.  (Tin'  Tempo 
Enrtlupinke.) 

Fair  on  the  18th— 20th  : 
lienvy  min  on  tbe  a  1st  : 
fnir  on  the  22nd  nnd 
23rd ;  some  min  on  thr 

It 

jufci5jfr~-/j  ii-raa 

Mny  H,  1K17. 

H»  pni. 

Suitmrio    nnd  Eclugo. 
(llic  gTf.it  Zcnkoji  Enrth- 

Clear,  mini  nnd  wnrm. 
in  the  dny  time  nnd  the 
evening  of  the  8th. 

It 

%Hrt'lv>/]  1  ii.  11 
Jnly  'J,  lhVI. 

a  mn. 

Kinni  Provinces,  Ig»i.  Iftc, 
Kii.  (Out!  of  the  Anoei 
Earthquakes.) 

On  the  8th,  fnir  during 
tbe  dny  time  with  min 
nnd  thunder  in  tbe  even- 
ing (Kyoto). 

ir» 

Dec.  i».  1K>4.  | 

Toknido.  (One  of  the 
Ansei  Earthquake*.) 

Fnir  in  Kyoto.  Kii,  nnd 
the  Toknido  provinces. 

"• 

****  h-/ii£n 

l>ee.  '24.  1*54. 

:>  iim. 

Sniknido  nnd  Xunknido. 
(One  of  the  Aiwei  Earth- 
quakes.) 

Same  fair  went  her  a»  on 
the  provions  »hij. 

17 

£*fcr'r-M^B 

Nov.  11.  1855. 

10  pill. 

Yedo  (Tokyo.) 

During  the  dny,  cloudy 
nnd  slightly  rainy.  Clear- 
ed  up  in  the  evening, 
the  wind  being  unusnid- 
ly  calm. 

118 


F.  Omori  : 


TABLE  VIII.  (Cont.) 


No. 


Date. 


Time  of 


Provinces  strongly 


6.37  am.      Mino-Owari  Eqke. 


Remarks  on  the  Weather. 


|  At  Gifn,  the  amount  of 
i  precipitation  daring  Oet- 
;  ober  181)1  was  unnttually 
I  smnH,  there  being  no 
|  ruin  Cull  nt  all  between 
I  the  1st  and  22nd  of  the 
month.    Since  the  vMrd. 
there  were  Home  occa- 
sional rains,  which  ceas- 
ed completely  at  about 
fib  4  Dm  nm.  on  the  28th. 
The  Bky  ttegan  to  clear 
np  from  ntanit  8h  15m 
am.  in  the  same  morning. 
'  The    great  earthquake 
took  pbice  at  Gh  37ni  am., 
while  the  barometer  was 
1  fidling. 


Tlie  relation  to  weather  of  the  18  earthquakes  mentioned  in 
the  above  table  was  as  follows  :— 

Fair    or   clear    weather  12  onrthquakfts. 

Cloudy  „    2 

Kainy  or  snowy      „    .t  „ 

Ttainy  ami  windy     „    1 

Thus  it  will  be  observed  that  12  out  of  the  18  earthquakes 
occurred  in  fair  or  clear  weathers.  There  was  only  one  case, 
Xo.  7,  in  which  the  weather  was  rainy  and  windy.  This,  how- 
ever, took  place  in  Echigo,  where  there  is  during  the  winter 
months  much  wind  and  precipitation,  so  that  it  is  not  at  all 
surprising  that  a  strong  earthquake  should  occur  at  Takata  in  a 
bad  weather.  Again,  of  the  18  destructive  earthquakes,  none 
occurred  in  a  wet  sultry  weather,  which  is  a  contradiction  to  the 
popular  belief  before  referred  to.  It  is  extremely  probable  that 
(jreat  ahoclta  do  not  occur  in  very  bad  weathers. 

The  two  great  earthquakes  of  TToei  and  Zenkoji  (Xos.  9  and 
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13)  and  tlio  Ogi  earthquake  (No.  10),  whose  dates  were  from 
Oct.  28  to  May  8,  took  place  each  on  a  very  clear,  calm  and 
warm  day.  It  is  probable  that  these  destructive  seismic  dis- 
turbances happened  when,  after  the  passage  of  the  atmospheric 
depressions,  the  whole  of  Japan  was  covered  by  the  high 
pressure,  so  that  the  weather  was  line  and  calm,  and  consequently 
warm  in  the  day  time ;  just  in  the  same  way  as  a  snow  storm 
in  Tokyo  is  generally  followed  by  a  bright  and  warm  day. 

9.  Earthquake  weather  and  fires.  None  of  the  destructive 
earthquakes  in  Japan  ever  happened  in  the  midst  of  a  violent 
storm.  This  is  a  very  fortunate  circumstance  in  connection  with 
the  disastrous  fires  which  so  often  break  out  after  great  shocks. 
Thus,  on  the  occasion  of  the  Yedo  (Tokyo)  earthquake  of  the 
2nd  year  of  Ansei,  (No.  17),  which  took  place  at  10  pm.,  and 
which  caused  a  loss  of  about  7,000  lives,  fires  broke  out  at  32 
different  places  in  the.  city.  Owing,  however,  to  the  stillness  of 
air,  all  these  fires  were  put  out  before  the  day-break,  the  aggre- 
gate area  of  the  burnt  districts  being  about  1  square  mile.  This 
amount  of  the  damage  is  much  smaller  than  in  the  cases  of  some 
of  the  metropolitan  fires,  which  were  not  connected  with  earth- 
quakes. For  instance,  the  famous  Maruyama  fire  of  the  3rd 
year  of  Meireki,  on  March  2,  1657,  caused  the  loss  of  107,010 
lives;  while  the  great  fire  of  April  1,  1772,  l>egan  at  Meguro 
and  reached,  within  24  hours,  to  the  Koishikawa,  Shitaya,  and 
other  northern  districts,  reducing  to  ashes  all  the  buildings  within 
an  area  24  km  in  length  and  4  km  in  width.  These  and  other 
gigantic  fires  in  Yedo  (Tokyo)  all  occurred  on  the  occasion  of 
great  stroms,  and,  in  the  case  of  the  Meireki  catastrophe,  the 
wind  velocity  is  supposed  to  have  reached  GO  miles  per  hour. 
As,  however,   the  destructive  earthquakes  never  occurred  on 
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stormy  days  it  is  to  bo  expected  that  the  lires  following  these 
would  not  extend  so  enormously,  provided  means  be  properly 
taken  for  subduing  the  flames.* 

10.  Effects  of  barometric  pressure  and  tides.  Let  us 
next  consider  the  effects  on  the  seismic  frequency  of  the  tides 
combined  with  the  barometric  pressure,  confining  our  attention  to 
the  stronger  or  larger  earthquakes,  which  originated  in  the 
vicinity  of  Tokyo  or  off  the  north-eastern  coast  of  the  Main 
Island.  The  times  of  the  high  or  low  waters  of  the  tide  given 
in  the  subsequent  tables,  relate  to  the  tide-gauge  station  of 
Heigan-jima,  Tokyo,  and  are  practically  identical  to  those  for 
Yokohama.  The  tidal  movements  along  the  north-eastern  coast 
of  the  Main  Island  take  place  some  half  an  hour  earlier  than 
those  at  Tokyo  and  Yokohama. 

11.  Stronger  earthquakes  originating  from  the  Jxu  is- 
land zone.  Table  IX  is  a  list  of  the  11  recent  stronger  sub- 
marine earthquakes,  which  originated  along  the  Fuji  volcanic 
chain,  namely,  from  among  the  Izu  islands  or  in  the  vicinity  of 
Hachijo,  Ogasawara  (Honin),  and  other  islands  some  distance  off' 
the  coast  of  Izu  peninsula ;  the  moment  (if  the  high  or  low  water 
at  Keigan-jiraa  (Tokyo)  nearest  to  the  time  of  occurrence  of  each 
earthquake  being  also  given  for  the  sake  of  comparison. 


*    §§  8  ami  U  nre  translations  ut  my  notes  in  Jnpnccse  piiWishcd  in  tbe  "  Toyo  GokuRti  • 
Zms>bi,"  Dec  l'JOC. 
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TABLE  IX.— LIST  OF  THE  RECENT  STRONGER  SUBMARINE 
EARTHQUAKES  WHICH  ORIGINATED  ALONG  THE 
FUJI  VOLCANIC  CHAIN. 


0) 

l>ite. 

(ii)  Time 
of  Eqke. 
Occurrence. 

(iii)   Time  of  High  or 

Low  water  at 
Reigan-jima  (Tokyo). 

Time 
Difference 
(H)-(iU). 

April 

1(5,  1890. 

h        in                     Ii  m 

9  30  i)in.   ,    9  18  pm. 

Low  water. 

ii  m 
0  12 

Feb. 

12,  1896. 

6  38  am 

4  43  am. 

High  water. 

1  55 

May 

7,  „ 

2  37  pm. 

1  51  pm. 

0  40 

Jan. 

18,  1897. 

9  27  ,, 

[0  38  am. 
|  (next  day). 

Low  water. 

March '27,  1898. 

3  24  am. 

2  59  am. 

•> 

0  25 

•Tail. 

31,  19D0. 

2  38  „ 

0  23  „ 

»• 

2  15 

Nov. 

5,  „ 

4  41  pm. 

3  45  pm. 

High  water. 

0  50 

•■ 

9, 

2  55  am. 

1  29  am. 

Low  water. 

1  2(5 

»» 

19,  „ 

10  59  pin. 

10  30  pm. 

» 

0  29 

Feb. 

20,  1902. 

10  50  am. 

10  44  am. 

0  (Hi 

Jnne 

3,  1903. 

0  28  pm. 

11  30  „ 

High  water. 

0  52 

Nov. 

13,  1904. 

9  49  am. 

8  55  „ 

>» 

0  54 

June 

7,  1905. 

2  40  pm. 

3  03  pm.     Ijow  water. 

-0  23 

May 

4,  1907. 

5  37  „ 

4  43    „  „ 

0  54 
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With  regard  to  the  diurnal  variation  of  the  barometric 
pressure,  the  times  of  the  earthquakes  tabulated  above  may  be 
grouped,  except  the  2nd  and  the  last,  as  follows : — 


(A)... 


9  30  pm. 
9  27  „ 

lor.o  „ 


(0) 


(2  37  pm. 
4  41  „ 
0  28  „ 
2  40  „ 


<*)■ 


J10  50  am.  3  '31  am. 

"1  9  49    „  {D)  J  2  38  „ 

2  55  „ 

The  two  groups  A  and  B  occurred  at  the  hours  of  the  barometric 
maximum,  while  the  two  other  groups  C  and  D  occurred  m t  the 
hours  of  the  barometric  minimum. 

The  difference  between  the  time  of  earthquake  occurrence 
and  the  nearest  moment  of  the  high  or  low  water  of  the  tide 
varied,  except  in  the  case  of  the  4th  earthquake,  between  Oh  12m 
and  2h  1.1m,  giving  the  average  value  of  50m.  This  is  to  be 
regarded  as  the  interval  by  which  the  different  earthquakes 
followed,  except  in  one  case,  the  high  or  low  water  in  the  Tokyo 
Bay,  which  happens  not  much  apart  in  time  from  that  along  the 
islands  of  the  zone  in  question. 

12.  Recent  strong  earthquakes  felt  in  Tokyo.  In  §  X  J 
have  considered  some  of  the  great  destructive  earthquakes  in 
Japan  in  relation  to  weather.  Turning  now  our  attention  to  the 
recent  earthquakes  felt  in  Tokyo,  we  have  14  e-ises,  in  which 
the  motion  was  strong  or  severe;  amongst  others,  the  shock 
( No.  7  )  of  Juno  20,  1894,  was  semi-destructive  and  caused  a 
considerable  amount  of  damage.  The  relation  of  their  times  of 
occurrence  to  the  low  or  high  water  epoch  of  the  tide  and  the 
barometric  pressure  is  shown  in  the  following  table. 
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TABLE  X.-U8T  OP  STRONG  EARTHQUAKES  FELT  IN  TOKYO. 

(h)  High  wnter;  (1)  Low  water. 


No. 

Date. 

Time  of 
Enrthijunko 
Occurrence. 

Time  of  High  or 
Low  Water  nt 
Iteignn-jimn, 
Tokyo  Buy. 

Barometric  Pressure. 
(With  sen-level  atnl  freezing 
point  corrections). 

1 

ten.  22, 

ii 

0 

m 

49 

am 

h  in 

2  08  nm.  (h)     Min.  751.1".  mm.  Pressure  rose  utter 
the  shack. 

.i 
i 

tK't.  13, 

4 

21 

—  1 

II IU. 

2  00  am.  (h> 

Mln.  754  mm,  at  1  pm.,  on  11th. 

•>* 
3* 

.Inn.    1.),  lwi. 

G 

51 

1>ITL 

/  a  48  pm.  <hj 
|  3  36  pm.  (1) 

Mln.  754  mm,  at  2  nm..  on  15th. 

4» 

April  2»,  18*8. 

til 

INI 

UO 

utn. 

(  7  13  nttl.  (h| 
I  1  23  pm.  (1) 

liar,  height  =  75i)  mm.  pressure  de- 
crtsnsing. 

•  > 

reu.    lo,  i?vm. 

« 

O'J 

nni. 

7  01  nm  Hit 
§   \'w  inn.   y ii) 

Mi  r)    7 -11.  mm    nt  ■>  nm     fin  I7tli 

hlju.  i mm,  hi  £»  piu.,  on  tiiii. 

r.« 

U.H-.  21,  i«ai. 

& 

30 

am. 

5  07  nm.  (1) 

liar,  height  =762  mm.  pressure  in- 
creasing. 

T 

June  20,  1*J1. 

2 

04 

pm. 

0  42  pm.  (1) 

Miu.  751.7  mm.  at  :i-8  pm..  on 
20th. 

* 

Jan.    18.  18SJ3. 

10 

48 

pm. 

10  4S>  pm.  (h) 

Min.  Mean  pressure  on  18th  = 
752.6  mm. 

'J 

April  23,  1001. 

3 

10 

inn. 

3  23  nm.  (1) 

i 

On  23rd.  Min.  757  mm.  at  4  am.. 
Pressure  iucrwisinv; 

10 

•Tune  23,  1U02. 

7 

13 

uni. 

0  31  am.  (h) 

Min.  711.5  mm.  at  7  am,  on  2lth. 

11 

Feb.    21.  I'JOG. 

'J 

It 

nm. 

• 

6  57  am.  (h) 

Mean  pressure  on  24th  =  751)  mm. 
Barometer  ascending. 

12 

June  11.  l'J07. 

H 

:»y 

urn. 

(  4  2i»  am.  (b> 
1  1  10  pm.  (1) 

Min.  716  mm.  at  10  pm..  on  13th. 

i:» 

Sept.  22,  1^17. 

4 

5  27  „m.  (h) 

Pressure  in  the  uormnl  condition, 
liar,  height  =  756  mm  at  0  am.,  on 
22nd. 

!»• 

Nov.  22.  11)07. 

2 

17 

2  06  nm.  <l> 

Max.  774  mm,  at  6  am.,  on  22u.l. 

*  Knrthquukcs  of  inland  origin. 


With  regards  to  the  atmospheric  pressure,  it  is  a  notable 
fact  that  8  out  of  the  14  earthquakes  were  accompanied  by  the 
marked  depression  of  741.5  to  754.7  mm.  and  one  by  a  very 
high  pressure  of  771  mm;  there  being  only  5  earthquakes  which 
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occurred  when  tho  pressure  was  in  the  normal  condition,  between 
750  and  762  mm.  Of  the  8  cases  of  barometric  minima  above 
noted,  4  preceded,  2  followed,  and  2  were  nearly  simultaneous 
with  the  respective  earthquakes.  These  relations  to  the  atmos- 
pheric pressure  of  the  strong  and  severe  shocks  need  not 
necessarily  be  similar  to  those  in  the  case  of  the  great  destructive 
earthquakes  (§  8). 

The  difference  between  the  time  of  earthquake  occurrence 
and  that  of  the  corresponding  high  or  low  water  of  the  tide 
varied  in  11  out  of  the  14  cases,  between  Oh  Om  and  2h  21m; 
only  in  the  3  remaining  cases,  earthquakes  happened  midway 
l»etween  the  high  and  low  waters.  Again,  of  the  8  earthquakes 
accompanied  by  barometric  depressions,  six  were  of  submarine  origin, 
and  five  of  these  occurred  near  the  time  of  the  high  waters.  On  the 
other  hand,  of  the  5  earthquakes  of  inland  origin,  three  occurred 
with  the  low  water  and  two  between  the  low  and  high  waters. 

13.  Z/ist  of  the  stronger  earthquakes  whose  origins  were 
not  much  distant  from  Tokyo.  The  two  tallies  XI  am!  XII 
give  a  list  of  the  115  stronger  earthquakes,  which  happened 
between  10<>2  and  1007,  and  whose  origins  were  mostly  in  the 
Kwanto  provinces*  or  on"  their  coasts  not  much  distant  from 
Tokyo.  The  land  area  of  disturbance  of  each  of  these  earth- 
quakes, including  that  in  which  the  motion  was  insensible  but 
was  recorded  by  the  ordinary  < Jray-Milne-Ewing  type  seismo- 
graphs, was  greater  than  1,000  square  /■/.  (See  also  the  Bulletin, 
Vol.  II,  No.  1.)  The  time  of  the  low  or  high  water  in  the  Tokyo 
Hay  nearest  to  that  of  each  of  the  earthquakes  is  given  in  the 
4th  column  of  the  two  tables.  The  different  earthquakes  are 
divided  into  ten  groups  according  to  the  positions  of  their  origins. 

*  The  Kwnnto  i>n<vinitH  nrv  Sngnmi,  Musiudii,  Awa,  Kn/.iWH,  Shiiuowi,  nilnilu.  etc. 
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TABLE  XI. — STRONGER  EARTHQUAKES  WHOSE  CENTRES  WERE  NOT 
MUCH  DISTANT  FROM  TOKYO.    INLAND  ORIGIN. 


Orifriu  of  Eqke. 

n«te. 

(i)  Time  of 
Earthquake 

(ii)  Time  of  the 
High  or  Low 
Water. 

Time 
Difference 
(i)-(ii). 

/  5''00u 

am. 

(1) 

ii 

111 

Dec. 

!(. 

1902 

V> 

53" 

urn. 

11  02 

pm. 

Ih) 

1  (preceding  < 

lay). 

Mnreh 

13. 

1903 

3 

04 

pm. 

5  23 

pm. 

(h) 

-2 

19 

Group  I. 

April 

24, 

1905 

5 

ir. 

niu. 

3  33 

am. 

0) 

1 

42 

Musn-Oii     "  , 

\exceptea.  / 

May 

30, 

4 

32 

nm. 

2  33 

nm. 

(•>) 

1 

59 

May 

10, 

1906 

2 

34 

pm. 

1  54 

pm. 

(1) 

0 

40 

July 

27, 

1907 

4 

23 

pm. 

1  55 

pm. 

(I) 

2 

2H 

Nov. 

10, 

t» 

2 

03 

nm. 

3  12 

nm. 

(1) 

-1 

09 

•< 

•22. 

»» 

2 

17 

am. 

2  Of. 

nm. 

(1) 

0 

11 

Jim. 

17. 

1902 

4 

18 

am. 

4  *i9 

nm 
■mi. 

<1> 

-0 

41 

April 

1. 

i. 

5 

3-2 

am. 

5  03 

am. 

<1> 

0 

29 

Group  II. 

July 

1. 

»> 

2 

01 

am. 

0  40 

am. 

(b) 

l 

21 

Stgami. 

Sept. 

16. 

•• 

3 

19 

am. 

4  0'J 

nm. 

(b) 

-0 

50 

July 

D. 

1903 

3 

00 

pm. 

f  0  11 
t  5  14 

pm. 
pm. 

& 

Jun. 

15. 

1906 

7 

55 

8  49 

am. 

(b) 

-0 

54 

March 

3, 

1902 

•i 

35 

pm. 

0  36 

pm. 

(1) 

1 

59 

Jnnu 

20. 

5 

49 

pm. 

4  5H 

pm. 

(b> 

0 

51 

Nov. 

5, 

T> 

49 

pm. 

f  3  00 
|  8  08 

pm. 
pm. 

(1) 
<h) 

Mnreh 

13, 

1903 

1 

11 

pm. 

0  21 

pm. 

(1) 

0 

50 

Group  III. 

Western  part  of  Hitachi, 

July 

«. 

3 

19 

am. 

2  42 

ii  m. 

<b) 

0 

37 

atul  Shimotankc. 

15. 

1 

51 

am. 

3  10 

am. 

(1) 

1 

35 

•21. 

2 

06 

pm. 

2  21 

pm. 

(b) 

-0 

IH 

April 

27. 

1904 

:< 

14 

am. 

3  00 

am. 

(b) 

0 

14 

Sept. 

17. 

1906 

5 

27 

pm. 

5  18 

pm. 

<b) 

0 

(19 

April 

18. 

1907 

o 

33 

am. 

2  23 

am. 

(1) 

0 

10 

Group  IV. 

Kiu. 

M«y 

Feb. 

25.  1902 
3,  1903 

« 

4 

21) 

59 

pm. 



am. 

7  02 
q  27 

pm.  (h) 
nm.  (1) 

1 

1 

27 

.i2 
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F.  Otuori : 


I.  (<i„il.) 


Origin  of  Ei\kv. 


Group  V. 

SliimoHit,  vicinity  uf 
KfiHumign-iirii  (Ilitnrhi), 
KnztlRn,  enntern  part 
of  " 


Date. 


(i)  Time  cif 
Enrth<iunkc 


(ii)  'lime  of  tbp 
Iligli  or  Low 
■Water. 


March  3.  1902 

9' 

13" 

am. 

25. 

2 

35 

pm. 

May 

15. 

7 

38 

am. 

Aug. 

8. 

8 

:*7 

am. 

l*eo. 

14. 

»• 

1 

57 

pm. 

»• 

31. 

2 

38 

pm. 

•Tad. 

5, 

1903 

8 

44 

am. 

March  12. 

»• 

5 

35 

nm. 

April 

22. 

5 

02 

am. 

May 

0. 

8 

52 

am. 

Jnne 

-■ 

" 

H 

38 

am. 

Dec. 

9, 

8 

55 

am. 

March 

12.  1904 

G 

12 

am. 

April 

1. 

8 

20 

am. 

Mny 

8. 

7 

24 

am. 

.Tnne 

8 

21 

nm. 

Ang. 

4. 

9 

49 

pm. 

Of. 

:>. 

0 

35 

am. 

April 

c. 

1905 

9 

30 

pm. 

Mny 

3(>. 

4 

32 

am. 

June 

11. 

11 

51 

pin. 

Sept. 

21. 

10 

00 

pm. 

24. 

>• 

2 

08 

am. 

Of. 

19. 

9 

10 

am. 

Jan. 

9. 

1906 

G 

51 

pm. 

Vcb. 

IS. 

•i 

2 

15 

pm. 

May 

21. 

•< 

3 

56 

pm. 

<> 

29. 

11 

22 

pm. 

Time 
Difference 
(»H»). 


11"  13'"  am.  (h) 

1  09  pm.  (I) 

5  57  am.  (1) 

8  05  am.  (h) ' 
4  35  pm.  (h) 
1  14  pm.  (1) 

9  00  am.  (h) 
4  23  am.  (h) 
7  55  am.  (1) 

7  27  tun.  (1) 
10  11  am.  (1) 

8  30  am.  (h) 
8  51  nm.  (1) 

7  49  am.  (h) 

0  03  nm.  (1) 

6  43  am.  Ih) 
10  31  pm.  (h) 

1  24  am.  (h) 
(  (i  16  pm.  (10 
J  1  31  am.  (1) 
((next  day). 

2  33  am.  (h)  j 

f  0  12  am.  (h) 
((next  (lay). 

10  05  pm.  (h)  ! 
0  50  am.  (h)  ■ 

8  1H  am.  (h)  | 

3  39  pm.  (h) 
0  42  am.  (1) 

(next  (lay). 

11  22  nm.  (h) 

4  57  pm.  (h) 
10  11  pm.  (h) 


-2>>00"' 

1  20 

1  41 

0  32 
-2  3K 

1  21 
-0  16 

1  12 

-2  53 

1  25 

-1  33 

0  25 

-2  39 

0  31 

1  21 
1  38 

-0  45 

■0  49 

1  59 

■0  21 

-0  05 

1  IH 

0  52 

2  53 
-1  01 

1  11 
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TABLE  XI.  rrv-1/.) 


Origin  of  Eqlcu 

Date. 

(i)  Time  of 
Earthquake 

(ii)  Time  of  the 
High  or  Low 
Water. 

Time 
Difference . 

Oroup  V. 

Shimoen,  Vicinity  of 
KiiHnmigH-um  (Hitachi), 
Kazuaa,  eastern  pnrt 
of  Mtuaahi. 

((W.) 

Aug.    21.  1906 
..       22.  .. 
Oct.      6.  ,. 
Nov.    12,  .. 
Dec.    24.  ,. 
Jun.      3,  1907 
Feb.    22.  .. 
March  13.  ., 
July     "2.  „ 
Nov.   2a  .. 
Dec     11.  „ 

5h  42"'  un. 

0   08  am. 

6  35  pm. 
11  07  pm. 

5   46  pm. 

3   42  am. 

9   57  pm. 

0   38  am. 

5   45  am. 
11    2«  am. 

5    54  pm. 

5>'23'0  am.  (h> 

1  13   am.  (1) 
6  43   pm.  (h) 

10  03   pm.  (1) 
8  06   pm.  (1) 

2  39   am.  (1) 

8  02   pm.  (1) 

(11  53    pm.  (1) 
((preceding  day) 

4  32   am.  (1) 
0  01    pm.  (h) 
4  11    pm.  (1) 

0».  19"' 
-1  05 
-0  08 

1  04 
-2  20 

1  03 

1  55 

0  45 

1  13 
-0  33 

1  43 

TABLE  XII.-BTRONGER  EARTHQUAKES 
NOT  MUCH  DISTANT  FROM  TOKYO 


WHOSE  CENTRES  WERE 
SUBMARINE  ORIGIN. 


Origin  of  Eqke. 


Oroup  VI. 

Off  the  coast  of 


Date. 


<i)  Time  of 
Earthquake 
Occurrence. 


(ii)  Time  of  the 
High  or  Low- 
Water. 


May  17.  1902 

Oct.  16.  .. 

Fob.  13.  1903 
July      1.  ,. 

Dec.  18,  „ 
March  8,  1904 
Oct.      2,  1905 

Dec.  26.  .. 

Jan.  25.  1907 

April  30.  ., 
May     5.  .. 

Oct.  15.  .. 


1  57 
0  45 
U  10 

11  20 

3  40 

10  54 

0  U 

6  3v» 

0  51 

2  10 
9  05 


pm. 


pm. 
pm. 


lh50°>  pm.  (h) 


4  16 

1  28 

10  03 

11  54 

4  31 

f  7  26 
|  2  42 

0  22 

[10  12 
[  1  02 

2  03 

4  51 

[  6  02 

1  54 


(b) 


pm.  (I) 
<h) 
(1) 

(1) 

am.  (h) 
pm.  (1) 

pm.  (1) 

pm.  (1) 
pm.  (h) 

pm.  (I) 
(1) 


am.  (1) 
pm.  (h) 


Time 
Difference. 
(»)—(") 


-0"'  32"> 

-2  19 

-0  43 

-0  53 

-0  34 

-0  51 

-0  11 

-I  14 

-2  35 
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F.  Omori: 
TABLE  XII.  f 


Origin  of  Eqkc. 

(i>  Time  >.f 
Earthquake 
Occurrence. 

<ii>  Time  of  the 
High  or  Low 
Water. 

Time 
Difference. 
<0-00 

Nov. 

13. 

1902 

si- 

15"' 

urn. 

10K06-'  am. 

(1) 

-1" 

51'" 

Oct. 

27. 

1904 

ft 

21 

am. 

37 

am. 

00 

-0 

13 

Group  VII. 

Deo. 

12, 

» 

Ml 

am. 

( 

2S> 
4(5 

am. 
pm. 

(10 

(1) 

1 )ff  the  const  of 

Oct. 

10. 

1905 

10 

54 

am. 

1  t 

21 

(1) 

0 

:» 

Shimonit. 

Nov. 

» 

n 

21 

am. 

a 

1-1 

am. 

00 

2 

3fi 

May 

18, 

9 

30 

pm. 

a 

03 

pm. 

(1) 

0 

33 

»• 

IS). 

l 

31 

am. 

3 

41 

am. 

00 

-1 

111 

■inly 

46, 

< 

am. 

8 

39 

am. 

4  tit 

-0 

4* 

Jan. 

31, 

1903 

17 

am. 

1 

47 

am. 

0) 

0 

(X) 

March 

2fi, 

0 

59 

am. 

3 

37 

am. 

oo 

-2 

3K 

April 

ID. 

7 

4K 

pm. 

f  5 

|io 

iri 
36 

pm. 
pm. 

0) 
(b) 

July 

12. 

1904 

7 

40 

pm. 

* 

4G 

pm. 

(b) 

2 

51 

■ 

15. 

3 

44 

am. 

1 

39 

am. 

0) 

2 

05 

'* 

lit 
1". 

Ilk 

10 

ITJ 

am. 

7 

2C 

am. 

l"i 

2 

43 

•• 

17. 

4 

27 

am. 

3 

08 

am. 

01 

1 

19 

»» 

IK. 

7 

51 

pm. 

9 

29 

pm. 

(b) 

-1 

38 

*» 

ID. 

„ 

ft 

20 

pm. 

5 

03 

pm. 

0) 

1 

17 

flrnun  VIII 

Off  the  K.  ooiwt  of 

A....  1.'  ....... .      t>  ;  „  1..  * 

« 

241, 

0 

30 

pm. 

10 

58 

am. 

(h) 

1 

32 

Awn-Kaznxa  rcninHnln. 

Feb. 

17. 

1906 

6 

41 

am. 

(i 

21 

52 

am. 
am. 

0) 
(b) 

23, 

fi 

49 

pm. 

5 

13 

pm. 

(b) 

1 

3G 

24, 

9 

It 

am. 

« 

50 

am. 

(b) 

2 

24 

March 

«. 

PI 

1 

:18 

am. 

2 

4* 

am. 

(b) 

-1 

10 

•  • 

14, 

A 

32 

pm. 

8 

13 

pm. 

(b) 

0 

19 

April 

s, 

2 

52 

pm. 

0 

U 

pm. 

(1) 

2 

11 

May 

7, 

8 

01 

am. 

{.? 

55 
27 

am. 
am. 

(b) 
0) 

28, 

ft 

59 

ft 

45 

(b) 

0 

14 

Sept. 

'J. 

t» 

3 

51 

3 

23 

am. 

0) 

0 

30 

Oct. 

10. 

*» 

9 

29 

pm. 

I' 

31 

45 

pm. 
am. 

(b) 
0) 
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Origin  of  Eqke. 

Date. 

(i)  Time  of 
Earthquake 
Occurrence. 

<ii)  Time  of  the 
High  or  Low 
Water. 

Timu 
l>ifferenoH. 

PHii) 

Nov. 

11. 

1«J06 

0'. 

♦Mill  «m 

♦M     ft  111. 

n  11.28"'  pm.  (h) 
\  (preceding  d«y). 

1" 

05'" 

,« 

23. 

3 

32 

pm. 
* 

5  52 

pm. 

(1) 

-2 

20 

Group  VHI. 

Jan. 

25. 

1907 

0 

33 

am. 

3  20 

nm. 

(h) 

-2 

S3 

Off  the  canst  of 

Awa-knzniai  Peninmila. 

Feb. 

0. 

5 

38 

I'm . 
nm. 

5  18 

pm. 

(1) 

0 

20 

fOmt.J 

June 

11. 

8 

59 

(  4  29 
1  1  16 

nm. 
pm. 

(h) 
(1) 

»• 

14. 

H 

1 

43 

pm. 

2  38 

pm. 

(1) 

-0 

55 

nepi. 

22, 

*» 

4 

50 

nm. 

5  27 

00 

-0 

37 

Apn 

IB, 

KkfU 

03 

pm. 

r,  57 

pm. 

(b) 

1 

06 

Group  IX. 

•Inn. 

K, 

11 

00 

pm. 

11  50 

pm. 

0) 

-0 

50 

Off  tilP  oiiml  i  if  Sfivmni 

nnd  ontadc  th» 
Tokyo  Hoy. 

Nov. 

•» 

It 

54 

pm. 

/  fi  46  pm. 
1  I  16  nm. 
'(next  day) 

|M 
W 

0) 

Oct. 

13. 

1 

4« 

2  35 

pm. 

(1) 

-0 

49 

• 

March 

12, 



1902 

10 

48 

nm. 

f  1  ^ 
(  6  36 

pm. 
um. 

(1) 

0>) 

April 

■">. 

»• 

7 

23 

pm. 

10  16 

pm. 

(1) 

-2 

53 

►, 

t'i. 

»» 

2 

13 

nm. 

3  30 

am. 

00 

-1 

17 

June 

23, 

*« 

7 

42 

nm. 

6  31 

am. 

00 

1 

11 

Aug. 

7, 

tt 

0 

36 

pm. 

2  40 

pm. 

(1) 

-2 

04 

Oct. 

12, 

10 

24 

nm. 

7  41 

1  38 

nm. 
pm. 

<D 
<h) 

Aug. 

23, 

1903 

9 

33 

pm. 

5  47 
1  05 

pm. 
am. 

00 
0) 

Gtf  oup  ^E* 
Tokyo  Bay,  nnd 

Oct. 

27, 

9 

57 

pm. 

9  47 

pm. 

<b) 

0 

10 

ITragn  Channel. 

Nov. 

<'.. 

7 

04 

pm. 

5  53 

pm. 

(b) 

1 

11 

10, 

6 

51 

pm. 

f  3  51 
\  9  (H 

pm. 
pm. 

0) 

Feb. 

26, 

1904 

5 

50 

pm. 

7  39 

pm. 

0) 

-1 

49 

May 

17. 

»« 

4 

03 

pm. 

1  35 

pm. 

(i) 

2 

28 

•* 

27. 

i« 

5 

41 

nm. 

3  28 

am. 

<b) 

2 

r.i 

»» 

vt 

7 

46 

nm. 

10  36 

nm. 

a) 

-2 

50 

Mnrt'h 

4. 

1905 

9 

18 

pm. 

11  53 

pm. 

a) 

-2 

35 

0. 

6 

08 

5  26 

nm. 

(b) 

0 

42 

Digitized  by  LjO 


130  F.  Omori  : 


TABLE  XII.  (Cent.) 


(i)  Time  of 

(ii)  Time  nf  the 

Time 

Origin  of  Eqk,-. 

Date. 

Earthquake 

High  or  Low 

Difference, 

Water. 

<i>-(ii>. 

July 

19.  1905 

5h  03m  pm. 

7i'llra  pm.  (h) 

-2"  08"' 

• 

Aug. 

12,  .. 

9 

28  pm. 

10  35   pm.  (1) 

-1  07 

Sept. 

3.  .. 

2 

02  nm. 

2  42   am.  (1) 

-0  40 

Oct. 

14.  .. 

11 

54  am. 

0  41   pm.  (1) 

-0  50 

Dec. 

»>,  .. 

7 

53  pm. 

8  21   pm.  (h) 

-0  31 

Group  X. 

Tokyo  Bay,  nod 
I'rngn  Channel. 
(Cont.) 

.Ton. 
Miiy 

»• 

21.  .. 
24.  *• 

9 
2 

a 

5C  pm. 
21  pm. 
17  pm. 

|  0  42   am.  (1) 
1  (next  day) 

4  57   pm.  (h) 
1  33    pm.  (1) 

-2  46 
-2  36 
0  44 

•< 

30.  ,. 

9 

27  pm. 

11  02   pm.  (h) 

-I  35 

Aug. 

5,  „ 

4 

53  am. 

5  02   am.  (h) 

-0  09 

» 

»*  « 

5 

32  am. 

•  » 

0  30 

Oct. 

1,  1907 

6 

16  pm. 

7  18   pm.  (1) 

-1  02 

Nov. 

•21.  .. 

1 

32  pm. 

0  33    pm.  (1) 

0  59 

Earthquakes  of  Inland  Origin,  Groups  I  to  I\\  Groups  I 
to  IV,  Table  XI,  include  tlio  20  earthquakes  which  originated, 
in  the  regions  adjacent  to  the  plain  of  the  lower  courso  of  the 
Tone-gawa  and  its  tributaries,  namely,  in  the  provinces  of  Musashi 
(eastern  part  excepted),  Sagami,  western  part  of  Hitaehi,  Shimo- 
tsuke,  and  Kai.  A  striking  feature  in  tho  diurnal  distribution  of 
these  inland  earthquakes  is  that,  with  the  exception  of  the  two, 
which  occurred  between  7  and  0  pm.,  they  have  all  taken  place 
between  1  and  0  am.  and  1  and  0  pm.,  namely,  at  those  hours 
when  the  barometric  pressure  is  maximum.    (See  also  Table  XIII.) 

The  relation  of  the  20  earthquakes  to  the  phases  of  the  tide, 
was  as  follows  : — 

(a)    11  occurred  with  the  high  tide; 
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(b)  12  occurred  with  the  low  tide  ; 

(c)  '5     „        between  the  high  and  low  tides. 

Again  of  the  earthquakes  of  (a)  and  (It),  17  occurred  after, 
and  G  occurred  before,  the  low  or  high  water.  Taking  the  average 
from  the  cases  of  these  23  earthquakes,  the  latter  followed  the 
high  or  low  water  by  a  mean  interval  of  31  minutes. 

Earthquakes  of  Inland  Origin,  Group  V.  Tho  earthquakes 
of  Group  V  originated  in  tho  extensivo  quarteniary  tracts,  which 
comprise  the  province  of  Shimosa,  the  vicinity  of  the  Kasumiga- 
ura  (Hitachi),  the  eastern  part  of  the  province  of  Musashi,  and  a 
portion  of  Kazusn.  The  positions  of  the  origins  of  some  of  these 
earthquakes,  all  inferred  from  the  area  of  disturbance  and  the 
isoseismal  lines,  are  uncertain,  and  were  possibly  off  the  Pacific 
coast  of  the  Awa-Kazusa  peninsula. 

In  the  diurnal  distribution,  the  earthquakes  of  Group  V  do 
not  show  the  same  characteristic  as  those  of  ({roups  T  to  IV,  but 
are  similar  to  the  submarine  disturbances  of  Groups  VI  to  X. 
Out  of  the  39  earthquakes,  21  occurred  with  the  high  water,  15 
with  the  low  water,  and  the  remaining  2  between  the  high  and 
low  waters.  Again,  23  of  these  earthquakes  took  place  before, 
and  15  after,  tho  high  or  low  water. 

Earthquakes  of  Submarine  Origin.  The  80  earthquakes  of 
Groups  VI  to  X  originated  off  tho  Pacific  coasts  of  the  provinces 
of  Hitachi,  Shimosa,  and  Sagami,  and  of  the  Awa-Kazusa  peninsula, 
or  in  the  Tokyo  Bay.  The  following  table  gives  the  hourly 
frequency  of  these  earthquakes  taken  conjointly  with  those  of 
Group  V,  as  well  us  that  of  the  inland  shocks,  Groups  I  to  IV. 
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F.  Omori : 


TABLE  XIII. — DIURNAL  VARIATION  OF  THE 
EARTHQUAKES  OP  GROUPS  I  to  X. 


A.M. 

P.M. 

Hour. 

(a)  Eqkea  of 
Groups  I  l»  IV. 
(Inland  Origin.) 

('<)  Eqkes  of 
Groups  V  to  X. 

(n)  Eqkes  of 
Oroops  I  to  IV. 
(Inland  Origin.) 

(>y)  Eqkes  of 
Groups  V  to  X. 

0  1 

0  \ 

(5  1 

0  \ 

5  \ 

1—2 

1 

4 

1 

5 

2—  3 

3—  4 

4 

3 

.  14 

4 
4 

28 

3 
•> 

■  10 

0 
2 

24 

4-5 

4 

4 

1 

1 

5-0 

2  J 

«i 

3  , 

5  , 

<;— 7 

0 

5 

0  1 

7 

7—8 

1 

f> 

0 

H — 9 
9—10 

0 
0 

1 

10 
<; 

■  35 

1 

0 

.  1 

2 
11 

32 

10—11 

0 

5 

0 

1 

11—12 

0 

4  , 

<>  i 

5  , 

As  will  be  seen  from  the  above  table,  the  earthquakes  of  the 
submarine  and  coast  origins,  namely,  those  of  Groups  V  to  X, 
show  a  tendency  of  occurring  more  frequently  between  C  and  12 
am.,  and  between  6  and  12  pm.,  than  during  the  earlier  hours 
both  in  the  forenoon  and  afternoon.  This  is  approximately  the 
reverse  of  the  order  of  occurrence  of  the  maxima  in  the  diurnal 
variation  of  the  earthquakes  of  inland  origin,  (iroups  I  to  TV. 

Of  the  80  submarine  earthquakes  of  (iroups  VI  to  X,  33  each 
occurred  with  the  lugh  and  low  waters,  while  the  remaining  14 
occurred  between  these  two  phases  of  the  tide.  Again,  29  of  the 
earthquakes  occurred  after,  and  38  before,  the  times  of  the  high 
or  low  water. 
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TABLE  XIV.    SIX-HOURLY  DISTRIBUTION  OF  THE  EARTHQUAKES 


0-G  A.M.  ana  0-C  P.M. 

r.  12  A.M.  ftiut  a  la  r.M. 

Origin. 

With  High 

WlttlT. 

With  Low 
W„ter. 

Hetween 
High  nn<l 
I*ow  Water*. 

With  High 
Water. 

With  Low 
Wnter. 

)Mw<vn 
High  untl 

Low  Waters. 

Inluml.  1 
Orunrm  i-rv.  | 

—    ..  ,,  — 
1) 

12 

3 

a 

0 

0 

Shimon,  etc.  1 
Oronp  V.  J 

*.) 

H 

0 

12 

7 

•> 

Siilimnriiic.  1 
GnmiiK  YI-X.  J 

15 

20 

0 

IK 

13 

11 

From  Table  XIV,  it  will  ho  observed  that  the  1(1  submarine 
and  coast  earthquakes  of  Groups  V-X,  whose  times  of  occurrence 
were  between  those  of  the  high  and  low  waters  of  the  tide,  hap- 
pened exclusively  between  G  and  12  am.  and  between  0  and  12 


pin.,  namely,  as  follows  : — 

pnj. 

0" 

20"' 

pm. 

c> 

41 

nm. 

:> 

30 

pm. 

i; 

pm. 

«» 

XJ 

pm. 

<; 

r>i 

pm. 

11 

50 

nm. 

7 

48 

pm. 

10 

24 

nm. 

8 

01 

HID. 

10 

48 

nm. 

s 

r,<) 

HID. 

10 

51 

nm. 

0 

or. 

am. 

11 

54 

pm. 

Taking  the  average  of  these  times  of  occurrence,  irrespective  of 
their  being  antemeridian  or  postmeridian,  we  obtain  the  value 
of  8h  58m,  or  about  Oh  am.  and  9h  pm.  These  hours,  which 
correspond  to  those  of  the  barometric  maxima  in  the  diurnal 
variation,  may  be  taken  as  giving  the  probable  time  when  a 
strong  earthquake,  in  the  region  under  consideration,  is  to  take 
place  intermediate  between  the  high  and  low  water  epochs. 
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Diurnal  Variation  of  the  Seismic  Frequency  in  relation  to  the 
Phasrs  of  the  Tide.  Table  XV  gives  the  diurnal  variations  of 
the  earthquakes  occurring  with  the  high  water  and  the  low 
water,  and  between  these  two,  the  ( J  roups  I  to  X  being  taken 


together. 


TABLE  XV. -DIURNAL  VARIATION  OF 
IN  RELATION  TO  TIE 


OF  THE  TIDE 


Hour. 

Earthquakes  occurring 

with  High  Water. 

with  Low  Water. 

botwoon  High  and 
Low  Waters. 

0—  1  AM. 

1—  2 

2—  3 
A—  4 

4—5 

5  — C 

4  > 

:\ 

*> 

«> 

3 
3 

•1  J 

80 

2  i 

1 

5 

4 

4 

4  J 

20 

0  * 

1 

0 

0 

0 

o  , 

1 

»;   7  AM. 
7— S 
s  -9 
9—10 

10—  11 

11—  12 

•  k  . 
f )  * 

•  t 

o 
5 
4 
1 

2  J 

18 

1  ] 
:\ 

3 
0 
2 

2  j 

11 

1  ) 

1 

2 
•> 

2 

0  j 

8 

0—  1  PM. 

1—  2 

2—  :$ 

3—  4 

4—  5 

5  <; 

1  ) 

2 

3 

2 

0 

3  J 

11 

4  > 
4 

<; 
l 

2 
1  , 

21 

■ 
i; 

i, 

0— 7  I'M. 
7—H 

8  9 

9  10 
10  11 
11—12 

2  > 

4 

'•> 

4 

0 

2  j 

15 

2  > 

1 

0 

5 

1 

1  J 

10 

3  > 

1 

0 

3 

0 

1  J 

■  8 

Sum. 


64 


62 


19 
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Thus  the  earthquakes  corresponding  to  tho  low  water  occurred 
twice  as  frequently  between  0  and  G  am.  and  between  0  and  (5 
pin.,  as  during  the  remaining  hours.  On  the  other  hand,  tho 
earthquakes  corresponding  to  the  high  water  and  the  middle  of 
the  high  and  low  waters,  occurred  not  less  or  more  frequently 
between  6  and  12  am.  and  between  0  and  12  pm.,  than  during 
the  other  hours.  It  thus  seems  that,  on  the  whole,  the  moderate 
earthquakes  shaking  the  vicinity  of  Tokyo  tend  to  occur  more 
frequently  with  the  minimum  barometric  pressure  and  the  low 
tide,  as  well  as  with  the  maximum  barometric  pressure  and  the 
high  tide.  This  is  in  accordance  with  one  of  the  principles  ex- 
plained in  §  4. 

14.  Conclusion,  The  results  obtained  in  the  foregoing  §§, 
which  arc  only  fragmentary  notes  on  the  secondary  seismic  causes, 
show  nevertheless  that  these  latter  play  a  very  important  part 
in  the  distribution  of  earthquakes  during  the  day,  the  year,  the 
lunar  day,  etc.  As  these  secondary  causes  probably  determine 
tho  ultimate  moment  when  a  long-continued  underground  stress 
gives  rise  to  a  sudden  disturbances,  their  careful  study  will  be, 
in  conjunction  with  tho  observation  on  the  fore-shocks  (see  the 
preceding  article),  and  the  investigation  on  earthquake  zones,  of 
help  in  approximately  predicting  under  favorabio  circumstances 
the  earthquakes  likely  to  happen  in  a  given  district.  For  an 
illustrative  example  in  this  connection,  I  may  refer  the  reader 
to  my  preliminary  note  on  the  Formosa  earthquake  of  March  17, 
1 90G  (the  Bulletin,  Vol.  I,  No.  2).  The  periodicity  of  earthquakes, 
other  than  the  diurnal  and  the  annual,  also  probably  depends  to 
a  great  extent  on  the  secondary  causes. 


Digitized  by  Google 


On  the  Destructive  Earthquakes  in  the  Shinano-gawa 
Valley  and  those  along  the  Japan  Sea  Coast. 

By 

F.  OMOKI,  Sc.  »., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

Witii  Pis.  XXIX  XXXI. 


CONTENTS. 

$  1.  Eiirthipmkc*  in  tin'  Shitwno</<(»r-i  Willey. 

§  2.  Zcnkoji  Eurtbqiuikn  of  1817. 

§  3.  Snlijo  (E»hij;o>  Efirtbqunke. 

§  1.  l'/.im  iiikI  SimIu  Ejirth.iuakp. 

$  !>.  Itolntiou  of  Zonkoji  Kirth<iiwk<'  tn  the  two  oilier*. 

§  f>.  Itobition  ln-lwueii  tbe  former  deHtracUvo  iirut  tho  recent 
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$  7.  Destructive  ttirthqnnkea  Along  tbe  Japan  Sen  noust. 

1.  Earthquakes  in  the  Shinano-gawa  valley,  Tho  Zcnkoji 
earthquake  of  1847  and  the  San  jo  earthquake  of  1828  were  two 
great  historical  shocks  which  occurred  in  tho  Shinano-</«/ru  valley. 
I  give  next  a  short  account  of  these  disturbances  and  also  of  the 
Sado-Uzen  earthquake  of  183.5,  whose  origin  was  in  the  Japan  Sea. 

2.  Zcnkoji  earthquake  of  1S47.  (See  Fig.  I.)  The  great 
disturbance  in  the  4th  year  of  Koka,  generally  known  as  the 
Zcnkoji  Earthquake,  took  place  on  May  8,  1847,  at  about  0  pin., 
and  was  one  of  the  most  violent  shocks  which  ever  occurred  in 
Japan,  the  total  number  of  the  killed  being  not  less  than  8,600. 
The  region  of  destructive?  motion  of  the  earthquake,  which  shook 
strongly  the  northern  part  of  the  province  of  Shinano,  and  a 
portion  of  tho  province  of  Eehigo,  stretched  from  a  place  some 
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5  km  to  the  east  of  the  city  of  Takata,  on  the  north,  to  the 
vicinity  of  the  town  of  Matsumoto,  on  the  south.  The  area,  which 
was  about  2,100  sq.  km,  with  an  average  width  of  about  32  km, 
run  in  a  SWS-NEX  direction  for  a  distance  of  110  km,  along  the 
main  course  of  the  >Shinauo-</atra  and  its  tributary,  the  Hai-gaicu. 
On  the  south-east,  it  extended  along  the  Chikuma-f/mm,  another 
tributary  of  the  Shinano-</air<7,  to  the  vicinity  of  the  town  of  Ueda  ; 
while,  on  the  north-cast,  it  reached  almost  to  the  boundary  of 
the  province  of  Shinano  and  the  Naka-Uonuma  and  Higashi-Kubiki 
counties  of  Echigo. 

The  protuberance  of  the  area  in  question  on  the  north  was 
probably  due  to  the  softness  of  the  alluvial  formation  of  the  plain 
of  Takata.  The  damage  was,  on  the  other  hand,  comparatively 
light  in  the  mountainous  region  between  Matsumoto  and  Ueda, 
l»irtly  on  account  of  the  scarcity  of  population. 

The  region,  within  which  the  greatest  amount  of  damage 
was  done,  was  about  480  sq.  km  in  area,  with  an  average  width 
of  10  km,  and  extended  for  a  distance  of  alnnit  50  km  from  the 
vicinity  of  liyama  on  the  north-east,  to  Shinmachi  on  the  south- 
west, also  branching  out  to  the  town  of  Inariyama  on  the  south. 
This  area,  which  was  situated  almost  entirely  on  the  west  side 
of  the  .Shinano-#««"(i  and  .Saw/««vi,  was  made  up  mostly  of  tertiary 
and  volcanic  formations,  and  included  amongst  others,  the  follow- 
ing towns  and  villages  : — 


Nagano  Almost  entirely  destroyed. 

Inariyama  500  people  killed. 

Shiosaki-mura  1,400  (out  of  1,<>00)  houses  destroyed. 

Mure  Almost  entirely  destroyed. 

O-koma   Do. 

Nojiii  83  houses  destroyed. 
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The  central  axis  of  the  area  of  the  greatest  damage  extended 
from  a  little  west  of  Iiyama,  through  the  vicinity  of  Mure,  to  the 
valley  tract  of  the  Sbi-gana  at  some  distance  to  the  south-west 
of  Nagano. 

The  city  of  Nagano  suffered  very  severely,  and  was  almost 
entirely  destroyed  hy  the  shock  and  the  subsequent  fires ;  the 
number  of  the  houses  overthrown  being,  in  the  town  or  business 
quarters  alone,  2330,  of  which  2194  were  burnt.  In  Nagano  and 
the  suburbs,  there  were  altogether  2,452  houses  destroyed  by  lire, 
there  being  only  191  houses  which  escaped  both  shock  and  name. 
The  number  of  the  killed,  which  could  be  ascertained,  was  about 
2,400  ;  this  heavy  amount  of  casualty  being,  in  a  great  measure, 
due  to  the  fact  that  the  disastrous  earthquake  took  place  when 
multitude  of  j>eople  from  different  parts  of  the  country  were  staying 
at  Nagano,  to  attend  the  religious  festivals  held  at  the  Zenkoji. 
The  latter,  which  is  one  of  the  most  suered  Buddhist  temples  in 
Japan,  received  no  material  damage  from  the  earthquake,  although 
the  huge  wooden  structure  must  have  been  shaken  tremendously, 
us  was  indicated  by  the  throwing  down  of  a  heavy  bronze  bell, 
about  2.0  feet  in  diameter  and  3.0  feel  in  height,  hung  in  the 
front  verandah.  Fig.  3  shows  the  lower  portion  of  the  1x41  and 
the  scar  made  on  the  corner  post  by  the  impact  of  the  latter; 
while  Fig.  2  gives  a  front  view  of  the  temple,  which  is  in  the 
same  condition  as  before  the  great  earthquake  of  1847.  Both  of 
these  pictures  have  been  taken  in  1908. 

A  special  feature  of  the  Zenkoji  earthquake  was  the  occur- 
rence, among  the  mountains  of  tertiary  formations,  of  landslips 
whose  number  was  not  less  than  14,000.  Amongst  others,  the 
southern  side  of  Mount  Iwakura,  which  is  on  the  tiai-gaira,  at  a 
distance  of  alxmt  12  km  to  the  WSW  of  Nagano,  was  destroyed, 
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Tig.  1.    Map  showing  the  Areas  of  Destructive  Motion 
of  the  Zenkoji  and  Sanjo  Earthquakes. 

A....  Snay>  Earthquake  of  1828.    lArvn  of  dwl motive  motion). 
B          I'ztn  and  H«do  EikrtLqiinkit  •  rf  l*3:t. 

C  .  .  . .  Zenkoji  Earthquake  of  1K47.  (Th*  lightly  Nhftded  part  indicnhw 
the  area  of  doHtnictive  motion,  and  tue  duiuitdy  (haded  part  the 
area  of  tbe  Kr'  'itrHt  \ioieuce.) 
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l'iil-        The  Zenkoji  Templr.    Front  view. 


Fir.  3.    The  Zenkoji  Temple,  showing  the  scar  (imlicnteri  by  n  small  crow  x)  mn«le  on  the 
oumer  pout  hy  the  Ml  thrown  ilown  on  the  occnsion  of  the  emth<iunke  of  1817. 
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resulting  in  two  gigantic  landslips  which  completely  blocked 
the  course  of  the  above-named  river  for  20  days,  and  formed  a 
lake  34  km  in  length  and  1  to  4.3  km  in  width.  The  water 
finally  broke  the  two  enormous  dams,  and  Hooded  over  the  regions 
along  the  HaA-gawa  and  Shinanow/afra,  sweeping  away  a  large 
number  of  the  houses  which  escaped  the  destruction  from  the 
shock.  The  loss  of  human  lives  was,  however,  small,  as  due 
preparations  had  previously  been  taken  to  meet  the  emergency. 

3.  Sanjo  (Echigo)  earthquake.  The  Sanjo  earthquake 
took  place?  on  Ik?e.  18,  18-JH,  at  alKait  8  am.  The  area  of  destruc- 
tive motion  was  an  ellipse,  50x17  km,  along  the  lower  course  of 
the  Shinanow/rtH  rt ;  the  most  central  point  of  the  meizoseismal 
region  being  between  the  towns  of  Sanjo  and  linamachi,  at  about 
c_r37c  35'  X,  /.-138  50'  E.  (See  Fig.  1.)  The  total  amount  of  the 
casualties  was  1,443  killed  and  1,749  wounded,  while  the  numbers 
of  the  houses  entirely  and  partially  destroyed  were  0,808  ami 
7,*270  respectively,  beside  the  1/204  burnt.  Among  the  towns 
severely  affected  were  Sanjo,  Imamachi,  Mitsuke,  Yoita,  Tsubame, 
and  Nagaoka,  the  first  four  having  been  almost  entirely  destroyed 
by  the  shock  and  the  subsequent  fires. 

4.  Vsen  ami  Sado  earthquake.  The  earthquake  of  Dec. 
7,  1833  (1th  year  of  Tenpo),  at  about  4  pm.,  was  destructive  in 
the  island  of  Sado  and  along  the  coast  districts  of  the  province 
of  Uzon.  The  amount  of  the  casualties  was  comparatively  slight, 
the  loss  of  lives  l>eing  about  38,  in  Uzen,  due  to  the  tsunami,  or 
tidal  waves,  which  followed  the  earthquake.  The  centre  of  the 
latter  was  submarine,  its  approximate  postion  being  38c  35'  N, 
/.-  130  10'  E.  (See  Fig.  1.) 

5.  Relation  of  the  Zenkoji  earthquake  to  the  two  others. 
The  Sanjo  earthquake  took  place?  18  years  5  months  earlier  than 
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the  Zenkoji  earthquake,  the  meizoscismal  zones  of  these  two  shocks 
limning  in  nearly  the  same  direction,  namely,  N40°E-S40CVV. 
Further,  the  northern  prolongation  of  the  line  connecting  the  centres 
of  the  two  disturbances  passes  approximately  through  that  of 
the  Sado-Uzen  earthquake.  It  is  extremely  probable  that  these 
three  large  earthquakes  belonged  to  one  and  the  same  system, 
namely,  the  seismic  zone  formed  by  the  Sliinano-f/atra  valley  and 
its  northern  prolongation.  Apparently  the  stress  reached  a  maxi- 
mum limit  along  the  whole  extension  of  this  zone,  so  that  the 
ttanjo  earthquake  occurred  first  at  the  middle,  followed  5  years 
later  by  the  Sado-Uzen  earthquake  to  the  XEX,  and  again  13 
years  5  months  later  by  the  Zenkoji  earthquake  to  the  SW ; 
the.  two  successive  distances  of  the  centres  of  the  three  earth- 
quakes being  each  equal  to  about  115  km. 

6.  Relation  between  the  former  destructive  and  the  recent 
strong  earthquakes  in  the  SJtinano-f/atra  valley.  As  discussed 
in  the  Bulletin,  Vol.  I.  No.  3,  there  were  five  strong  semi-destruc- 
tive earthquakes,  which  occurred  along  the  Shinano-f/a/ra,  respec- 
tively in  the  years  188G,  1887,  1800,  1897,  and  1899.  The  line 
connecting  their  centres  has  been  taken  as  defining  a  seismic 
zone,  which  extends  from  the  Koshi  county  in  Eehigo  in  the  SW 
direction  to  the  vicinity  of  Nagano,  thence  turning  towards  the 
south  to  the  vicinity  of  the  lake  of  Suwa.  The  approximate 
positions  of  the  centres  of  these  five  earthquakes  are  indicated 
by  the  numerals  1,  2,  3,  4,  and  f),  in  Fig.  I.  From  the  latter, 
it  will  be  observed  that  the  zone  of  the  recent  strong  shocks  is 
in  realitv  identical  with  that  of  the  historical  destructive  earth- 
quakes.  Further,  the  recent  disturbances,  Xos.  1  to  5,  originated 
along  the  zone  in  question  at  those  points,  which  are  outside  the 
area  of  destructive  motion  of  the  Sanjo  earthquake  and  the  meizo- 
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seismal  region  of  the  Zenkoji  earthquake.  This  fact  is  fully  in 
accordance  with  the  principle  that  great  seismic  shocks  never 
occur  at  one  and  the  same  centre. 

7.   Destructive  carthqnaks  along  the  Japan  Sea  roast. 
The  following  is  the  list  of  the  larger  destructive  earthquakes,* 
which  happened  within  the  last  2\  centuries,  on  or  off  the  Japan 
Sea  coast  and  along  the  Shinano-</a«  rt  zone  : — 

1.  Noshiro  Eqke  (province  of  Ugo) ;  Juno  19,  1(394,  at  7  A.M. 

2.  Inftbn,  Jloki,  and  Mimasaka  Eqko ;  March  19,  1711. 

3.  Sado  and  Noto  Eqke ;  Ang.  1,  1729.    Accompanied  by  fsuiunui 

4.  Takata  Eqke   (province  of  Echigo) ;  May  21,  1751,  at  2  A.M. 

5.  Ilirosaki  Eqke  (    „        „  Mutsu) ;  March  8,  1700,  at  (I  P.M. 
0.  Kaga  E«jke ;  June  29,  1799.    Accompanied  by  tsunami. 

7.  Ogi  Eqke  (Island  of  Sado) ;  Dec.  9,  1802,  at  2  P.M. 

8.  KJ&agata  Eqke  (provinces  of  Uzen  and  Ugo) ;  July  13,  1804,  at 
10  P.M. 

9.  Sanjo  Eqke  (Echigo) ;  Dec.  18,  1823,  at  8  A.M. 

10.  Sado  and  Uzen  Eqke ;  Dec.  7,  1833,  at  4  P.M.    Accompanied  by 
fauna  hi  i. 

11.  Zenkoji  Eqko  (Shinano  and  Echigo) ;  May  8,  1847,  at  9  P.M. 

12.  Hamada  Eqke  (Iwami) ;  March  14,  1872,  in  the  evening. 

13.  Noto  Eqkea;  Dec  9  and  11,  1892. 

14.  Sakata  Eqke  (Uzen  and  Ugo) ;  Oct.  22,  1894,  at  5  P.M. 

Of  the  above  14  earthquakes,  Nos.  1,  4,  5,  8,  9,  10,  11,  12, 
and  11  were  much  larger  than  the  remaining  five.  Again,  the  live 
earthquakes  of  Nos.  1,  5,  9,  11,  and  14  originated  inland,  while 
the  7  others,  namely,  Nos.  3,  4,  G,  7,  10,  12,  and  13,  originated 
under  the  Japan  .Sea.  The  origins  of  the  two  remaining  earth- 
quakes, Nos.  2  and  8,  wore  probably  also  submarine.    The  relative 

*  Jlokknirio  nn«1  Formoan  excepted. 
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positions  of  the  origins  of  the  different  earthquakes  are  diagra- 
matically  illustrated  in  Fig.  4,  (PI.  XXXI.) 

The  I  t  earthquakes  tabulated  above  may  bo  divided,  so  far  as 
their  time  distribution  is  concerned,  into  the  following  5  groups  :  — 


Group  I. 


No.  1.  Noshiro  Eqke  

No.  2.  Inaba,  Iloki,  and  Mimasaka  Eqke. 

No.  \\.  Noto  and  Sado  Eqke  

No.  4.  Takata  Eqke  

No.  5.  Hirosaki  Eqke  


Y«ir  Ititervnl 

1CW|....17""" 

1711  ....18 
1729 

si  f 


1751 
17(U> 


22 
15 


Group  II. 


No.  6.    Kaga  Eqkt>. 

No.  7.  Ogi 

No.  8.    Kisagata  „ 


1799 


Group  III. 


No.    9.    Sanjo  Eqko  

No.  10.    Sado  and  Uzen  Eqke. 


1802 
1804 


1828 


.3 
2 


183 


I 


.5 
14 


No.  11.    Zenkoji  Eqke   1847 

Group  IV. 

No.  12.    Hnmada  tojke  1872 

Group  V. 

No.  18.    Noto  Eqke   1892  j  2 


No.  14.  Snkatu 


1891 


The  five  earthquakes  in  Group  I  occurred  with  a  tolerable 
regularity,  the  average  interval  being  18  years.  On  the  other 
hand,  the  three  earthquakes  in  Group  TT  as  well  as  the  three  in 
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Group  Til  occurred  at  short  intervals  ranging  from  2  to  14  years; 
while  the  interval  between  the  1st  earthquake  of  (Iroup  II  and 
the  last  of  Group  I  was  33  years,  and  that  between  the  1st  earth- 
quake of  Group  III  and  the  last  of  Group  II  was  24  years.  Again, 
the  time  interval  between  the  earthquake  of  Group  IV  and  the 
last  one  of  Group  III  was  2">  years.  These  facts  seem  to  favour 
the  supposition  that  the  three  earthquakes  of  Sanjo,  Sado-Uzcn,  and 
Zenkoji  really  belonged  to  one  and  tin:  samo  seismic  zone  both 
geographically  and  in  time  distribution,  as  explained  in  §  5.  All 
the  other  earthquakes,  with  the  exception  of  the  Sakata  earth- 
quake, belonged  to  the  Inner  Seismic  Zone,  which  runs  nearly 
parallel  to  the  concave  side  of  the  Japanese  islands.*  The  Sakata 
earthquake  probably  belonged  to  another  system. X 


•  Svo  the  "  Bulletin  of  the  Imp.  Earthquake  Inv.  Com.".  Vol.  I,  No.  2. 
X  The  Sakata,  Riku-U,  and  Hachinohe  earthquakes  have  been  ably  studied  by  IVofeKMim 
K(*to,  Vamosaki,  nnd  Imamnm,  respectively. 
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Note  on  the  Relation  to  the  Epicentral  Distance  of 
the  Duration  of  the  Preliminary  Tremor  of 
the  Earthquake  Motion  of  near  Origin. 

By 

F.  OMORI,  Sr.  DM 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 


In  the  .lour.  Sc.  Coll.,  Tokyo  Imp.  Univ.,  Vol.  XI  (1890),  I 
have  given,  for  tho  relation  between  the  duration  (=#)  of  the 
preliminary  tremor  at  an  observing  place  and  the  epicentral 
distance  (=.r)  of  the  latter,  the  following  equation  : — 

rkm=  7.51  y*°l  24.flkm  (1) 

This  equation  was,  in  the  Publications  of  the  Earthquake  Investiga- 
tion Committee,  No.  13  (1003),  slightly  modified  into  the  following 
form  : — 

km  nee  km 

x  =  7.27  //  +  38   (2) 

Both  of  these  equations,  which  have  been  deduced  from  the  observa- 
tions of  the  earthquakes  of  .r  less  than  1 ,000  km  and,  with  a  few 
exceptions,  greater  than  150  km,  can  not  be  applied  to  the  cases 
of  very  near  shocks,  say,  of  .r  less  than  100  km.  With  a  view 
of  obtaining  a  provisions ry  formula  for  the  cases  of  smaller  .t\  I 
have  examined  some  of  the  scismograms  obtained  at  the  live 
Formosan  meteorological  observatories  of  Taihoku,  Taichu,  Tainan, 
Taito,  and  Hokoto  ;  the  results  l>eing  briefly  stated  in  the  following 
paragraph. 
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The  earthquakes  taken  into  consideration  were  the  four  destruc- 
tive shocks  in  the  years  1904  and  1000,*  which  I  have  specially 
studied  and  the  positions  of  whose  origins  may  bo  supposed  to  be 
fairly  accurate.  The  observations  were  made  with  Omori  hor- 
izontal pendulums  of  (5  to  10  times  magnifications.  The  following 
table  gives  for  each  of  the  4  shocks,  the  date  and  position  of  the 
origin  of  disturbance,  and  the  epiccntral  distances  and  the  dura- 
tions of  the  preliminary  tremor  at  tbe  different  stations. 


FORMOSA  EARTHQU. 


mte  of  Eqke. 

Station. 

Duration  of 
Prel.  Tremor 

=  j/  see. 

ActaiU  Epicen- 
tral  Distance 

=  jr  km. 

Position  of  tbe 
Origin  of 

April      24, 1904. 

Tailioku 
Taicha 
Taito 
Hokoto 

28.7 
11.4 
12.8 
12.7 

221 
98 
98 
90 

ff  =  23°  20'  N 
I  ;  =  120°24'E 

November  6, 1904. 

Taihoku 

Taicha 

Tainan 

Taito 

Hokoto 

28.8 
11.2 

8.3 
15.5 

9.0 

202 
76 
64 

117 
85 

i<p=  23°30'N 
U=120°26'E 

March     17, 1906. 

Taihoku 
Taichu 
Tainan 
Hokoto 

27.5 
9.0 
8.7 

11.5 

188 
(55 
75 

101 

\f=  23°35'N 
1  4  =  120°  32'  E 

April      14, 1906. 

Taihoku 
Taichu 
Tainan 
Hokoto 

30.(5 
12.0 
8.6 
13.0 

210 

88 
53 
98 

\ipz=  23°25'N 
W=120°30'E 

•  See  the  "  Bulletin  of  the  Imperin]  Earthquake  Inv.  Com."  Vol.  I,  No.  2. 
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Arranging  the  cpicentral  distances,  which  varied  between  53  and 
221  km,  and  dividing  these  conveniently  into  4  groups,  we  obtain  :— 


x  (actual) 

x  calculated 
by  equation  (3) 

221  km 

28.7  sec-. 

210 

30.6 

202 

28.8 

188 

27.5 

 206 

117 

15.5 

101 

11.5 

98 

13.0 

11  A. 

98 

12.8 

 12.8  

 96 

90 

12.7 

88 

12.0 

85 

9.0 

76 

11.2 

75 

8.7 

 81 

65 

9.0 

64 

8.3 

m 

53 

8.6 

 8.6  

 67 

The  relation  between  the  mean  values  of  the  epiccntral  distance 
and  the  duration  of  the  preliminary  tremor  given  in  the  preceding 
table  is  graphically  shown  in  the  accompanying  figure  (PL  XXXII). 
Assuming  a  linear  equation  between  x  and  y  and  determining 
the  constants  from  the  four  sets  of  the  mean  values  of  r  and  >/, 
we  obtain  : — 

=  6.86  >r  +  8.1""  (3) 
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The  figures  given  in  the  last  column  of  the  preceding  table,  which 
have  been  calculated  by  this  equation,  agree  closely  with  the 
actual  distances. 

Equation  (3),  which  may  be  used  under  the  conditions 

50  km  <  x  <  about  200  km, 

seems  to  bo  more  convenient  for  tho  cases  of  near  earthquakes 
than  Equation  (1)  or  Equation  (2) ;  the  distances  calculated  by 
the  two  last  equations  being,  for  a  small  value  of  y,  generally 
larger  than  the  corresponding  actual  r. 
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Earthquake  Distributions  in  Formosa. 

By 

¥.  OMORI,  8c.  D., 

Member  of  the  Inii)erial  Earthquake  Investigation  Committee. 

With  Pis.  XXXIII  and  XXXIV. 


CONTENTS. 

S  ].  Introduction. 

8  2.    Earthquake  frequency  in  l'JOI. 

S  3.   Earthquake  frequency  in  1904  TJ07. 

1.  Introduction.  Tlio  meteorological  observatory  of  Taihoku 
was  first  opened  on  Aug.  11,  1890,  and  the  six  other  observatories 
of  Taichu,  Tainan,  Taito,  Koslnm,  Hokoto  and  Keelnng,  wore 
established  in  the  eourso  of  the  next  five  years,  namely,  between 
181)7  and  1901.  The  yearly  numbers  of  sensible  earthquakes 
recorded  at  these  seven  stations,  which  are  now  furnished  with 
seismologieal  instruments,  were  as  follows  : — 


TABLE  I    YEARLY  NUMBERS  OF  SENSIBLE  EARTHQUAKES 
RECORDED  AT  THE  DIFFERENT  METEOROLOGICAL 
OBSERVATORIES  IN  FORMOSA. 


^\  Stntion. 
Year.  "\ 

Taihoku. 

Tai.hn. 

Titiunn. 

Taito. 

KoKhun. 

Hokoto. 

Keeling. 

IfW 
1837 

7 

3 

!) 

1 

1898 

17 

5 

4 

3 

2 

law 

9 

10 

4 

5 

2 

1000 

5 

3 

4 

1 

2 
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TABLE  I.  (Cont.) 


Stntioo. 

Veiir. 

Taihuku. 

r  ■ '    -    1  .  _ 

liix'lm. 

Tiuiuin. 

luito. 

» -  1  

Hoktito. 

l'JOl 

12 

1 

H 

2 

1 

2 

l'J02 

13 

10 

12 

12 

r> 

5 

<i 

1WW 

7 

14 

V> 

117* 

7 

C» 

7 

l'JOt 

•J 

10 

1) 

H 

4 

0 

5 

11*16 

12 

2* 

8 

:».» 

:» 

4 

r> 

llHXi 

10 

40* 

42* 

21* 

ll* 

ia* 

4 

l'JOT 

11 

10 

11 

c 

0 

10 

(i 

Mem. 

10.2 

... 

•J.3 

8.8 

12.0 

1 

3.U    j  4.0 

5.5 

The  largo  yearly  number  for  Taitu  in  1903  was  duo  to  the 
after-shocks  of  the  strong  earthquake  of  Sep.  7  of  the  same  year. 
Similarly,  the  high  seismic  frequency  in  1000  for  the  different 
stations,  except  Taihoku  and  Keeking,  were  due  to  the  after- 
shocks of  the  destructive  earthquakes  of  March  17th  and  April 
l  lth  in  that  year.  These  numbers,  each  marked  in  the  above 
table  by  an  asterisk,  have  been  excluded  in  deducing  the  average 
values,  which  may  be  regarded  as  approximately  giving  the  fre- 
quencies of  the  sensible  seismic  disturbances  in  the  ordinary 
year  for  the  seven  meteorological  observatories  in  question.  It 
will  be  noticed  that  this  frequency  was  about  10,  namely,  8.8  to 
l'J.O  for  Taichu,  Taito,  Taihoku,  and  Tainan,  but  smaller  and 
equal  to  about  4  for  Koshun  and  Ilokoto,  and  5.5  for  Keelung. 

The  earthquake  numbers,  as  above  described,  give,  however, 
no  adequate  idea  of  the  earthquake  distribution  for  the  whole  of 
the  Island.  In  fact  the  greatest  seismic  activity  is  displayed  in 
regions  at  some  distances  from  the  different  meteorological  observa- 
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tories,  namely  :—  (1),  in  the  vicinity  of  the  city  of  Kagi,  which 
is  situated  in  the  south-western  part  of  Formosa  and  midway 
Iwtween  Taichu  and  Tainan ;  and,  (2),  at  the  central  and  northern 
parts  of  the  eastern  coast  and  at  the  very  southern  extremity  of 
the  Island.  (  Jreat  credit  is  due  to  Mr.  IT.  Kondo,  Director-general 
of  the  Formosa  meteorological  observatories,  who  instituted  in 
1007  a  general  system  of  the  observation  of  the  precipitation  by 
establishing  in  different  parts  of  the  Island  nearly  80  stations 
furnished  with  rain-gauges,  Each  of  these  stations  sends  in 
regularly  to  the  Meteorological  Observatory  of  Taihoku  the  monthly 
weather  report,  giving  amongst  others  the  notices  of  the  earth- 
quakes felt.  The  following  table,  compiled  from  these  materials, 
indicates  the  numbers  of  the  sensible  shocks  in  different  parts  of 
Formosa  during  the  four  years  from  1004  to  1007. 

TABLE  II.  — YEARLY  NUMBERS  OF  EARTHQUAKES  FELT  AT  THE 
DIFFERENT  METEOROLOGICAL  OBSERVATORIES  AND 
RAIN-GAUGE  STATIONS  IN  FORMOSA. 
1904-1907 


Voir. 

Station. 

1901 

1905 

1900 

1907 

Sum. 

M 

m 

m 

Tenauhi 

5 

Hi 

H 

10 

31 

1L 

Si 

Oimn. 

19 

r.> 

•23 

41 

7!) 

ft 

M 

Bitokiiku 

i 

9 

•> 

3 

7 

ft 

% 

*Slinry»ti>  Otwlnng) 

5 

4 

r. 

•Jt> 

vt 

Kolung 

i 

1 

•1 

3 

5 

$ 

& 

31 

Kinpori 

0 

7 

4 

2 

9 

% 

ft 

Fukilcikn 

1 

1 

•> 

1 

3 

r, 

ft 

DiimliiUKiii 

1 

1 

1 

0 

*2 

k 

m 

Kittkoryo 



n 

Sokitfi 

7 

X 

0 

■21 
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TABLE  II.  (i\„4.) 


Year. 

1304 

1905 

1006 

11107 

* 

Hyorinbi 

1 

0 

3 

 _ 

4 

Sokiti-i 

t 
i 

1 

A 

4 

IT 
1  k 

M 

KuKHynkn 

a 

0 

5 

0 

*> 

m. 

ft 

Cboiuubo 

y 

4 

14 

7 

•20 

n 

* 

*Tiiiboku 

u 

1-2 

10 

11 

45 

Smbmito 

(i 

it 

3 

1 

1 

* 

Tunsui 

1 

■» 

7 

m 

Domkeu 

0 

0 

4 

3 

3 

Suiknknyo 

1 

1 

3 

3 

5 

II 

UnkilHtinko 

y 

1 



5 

5 

18 

* 

ii 

Tiiikoko 

i 

0 

2 

o 

' 

(& 

m 

Kunsilib  > 

2 

i 

5 

3 

;) 

ft 

m 

Nil!  Willi 

11 

K 

y 

1!) 

I5f 

•Tularin 

7 

K 

•24 

13 

34 

ft 

Sbinrbiku 

•2 

U 

1 

2 

4 

' 

ill 

£ 

N.idk1k> 

(1 

0 

3 

1 

1 

ByoritMi 

1 

3 

0 

0 

7 

* 

Tiiiku 

1 

'2 

14 

2 

5 

AH 

Ilckinui 

1 

R 

1'2 

2 

y 

!& 

£ 

Korinbo 

2 

0 

15 

1 

3 

* 

•  Iw.Jiu 

10 

•24 

40 

10 

H7 

* 

Vt 

Hniteiryo 

3 

5 

6 

0 

H 

* 

HI 

Hokkokci 

1 

0 

4 

3 

4 

m 

It 

H..risb«i 

4 

7 

14 

4 

15 

XnnJi> 

y 

1-2 

11 

4 

•2:» 
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TABLE  II.  (t\mt.) 


Stnliun. 

Yenr 

1!K>4 

190.*> 

I'jOfi 

1»07 

<S'uiji. 



L  



it 

r, 

IK 

3K 



» 

31 

.. . 
i  • 

tv- 

■  J 

Rocliikuto 

5 

14 

1 

20 

* 

:» 

12 



3 

IK 

Goomoku 

K 

."» 

13 

2 

15 

Sholmnlen 

» 

23 

3 

15 

* 

Kinnni 

ir. 

8 

til 

17 

40 

\: 

TV.k.. 

13 

12 

r» 

30 

*. 

r- 

at 

Scimoju 

« 

1ft 

30 

oo 

M 

Chikutok 

3 

19 

— 

05 

K7 

» 

Kngi 

25 

:« 

— 

11) 

77 

IK 

it 

— .  

4 

K 

& 

ID 

KmltMi 

• 

* 

10 

23 

a 

i5 

EuHuiko 

•3 

-_ 

0 

H 

i? 

Zcntiiiho 

ir. 

It 

110 

22 

52 

* 

Gotaiho 

8 

7 

— 

20 

41 

m 

Tnboni 

H 

5 

25 

fill 

1 

24 

0 

L 

* 

iS 

Bono 

:« 

0 

32 

2 

5 

ffi 

ir. 

IK 

09 

H 

41 

i« 

♦Tnillnn 

ii 

8 

42 

u 

71 

ft 

Kilo 

in 

0 

20 

10 

2<J 

* 

* 

UtiUhhitryo 

14 

1 

5 

4 

l'J 

m 

Sliin-i 

i 

a 

20 

0 

7 

w 

* 

Shinsui 
Ako 

5 
f( 

l 
i 

11 

K 
12 
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TABLE  II.  (Cant.) 


Station. 

1901 

1905 

1900 

11)07 

m 

Hoznn 

7 

3 

2 

1 

it 

n 

to 

Takno 

2 

0 

7 

0 

2 

UJ 

^v^k  i/nti 

2 

0 

5 

0 

2 

Ti  it- 1 1 
1 1  >t\<  > 

3 

o 

7 

1 

4 

JRI 

0 

1 

0 

2 

3 

04 

B<«an 

0 

0 

0 

1 

1 

19 

*Kc«hnn 

4 

11 

0 

2(5 

w 

a 

rSnrnnlii 

30 

17 

12 

11 

58 

-h 

7L 

Kynho 

2 

4 

2 

(1 

(i 

Tit 

fi 

it 

llotnnHun 

E 

9. 

* 

Unroui 

» 

0 

2 

* 

♦Taito 

K 

32 

21 

0 

79 

* 

Iff 

it 

Soiko-o 

10 

fi 

2 

11 

27 

IktkiiBekikaka 

:! 

19 

0 

1 

23 

IS 

fE 

17 

28 

21 

r. 

&0 

Gozenjo 

0 

2(5 

10 

5 

31 

Knronko 

10 

Ml 

22 

82 

A 

*n<>k(ito 

c» 

4 

19 

10 

37 

a 

SI 

.ft 

Gywito. 

2 

2 

2.  Earthquake  frequency  in  1004,  The  seismic  frequency 
during  the  year  1004  at  the  different  places  in  Formosa  is  shown 
in  Fig.  1  (PI.  XXXIII).  From  the  htter  there  are  seen  to  be 
four  principal  regions  of  seismic  activity,  as  follows  : — 

(a)   A  nearly  north-south  Tone,  extending  in  tho  sonth-wostorn  part 
from  tho  vicinity  of  Shato  and  Torokn  to  that  of  Banshorvo. 
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(//)    Vicinity  of  Girau,  near  tho  northern  end  of  the  eastern  coast 
(r)    The  eastern  coast,  between  Kareuko  and  Seiko-o. 
(</)    A  limited  portion  alwnt  Cape  Garanbi  at  the  southern  extremity 
of  the  Island. 

Although  Fig.  1  is  a  map  showing  tho  seismic  frequency  and 
therefore  does  not  necessarily  indicates  the  distribution  of  the 
origins  of  disturbances,  the  zone  («)  seems  on  the  whole  to  coin- 
cide with  the  main  longitudinal  earthquake  zone  in  the  south- 
western part  of  Formosa.*  The  northern  prolongation  of  (a)  passes 
approximately  through  tho  local  centres  at  the  vicinity  of  Jukirin 
and  Taihoku  and  that  of  Hakushako  at  tho  north-western  end  of 
the  Island,  (b),  (<•),  and  (d)  belong  probably  to  a  continuous  zone, 
their  higher  seismic  frequencies  being  due  to  the  disturbances 
which  occur  along  or  off  the  eastern  coast. 

3.  Earthquake  frequency  in  1904-1907.  To  obtain  a 
general  idea  of  the  seismic  distribution  in  Formosa  for  the  interval, 
1001  to  1907,  I  give  in  the  last  column  of  Table  II  the  sum  of 
the  earthquakes  recorded  during  the  three  years  1904,  1905,  and 
1907;  the  frequency  for  the  year  1900  having  been  excluded  on 
account  of  the  great  numl>or  of  the  after-shocks  of  the  destructive 
disturbance,  which  took  place  on  March  17th  of  that  year.  As 
is  illustrated  in  Fig.  2  (1*1.  XXXIV),  the  principal  centres  of  the 
seismic  activity,  in  which  more  than  f)0  shocks  were  felt  during 
the  3  years  in  question,  were  as  follows  :— 

(A)  Kagi  and  the  vicinity. 
(Z?)  Tho  vicinity  of  Giran. 
(C)         „  „  Karenko. 


*  Scv  F.  dmiri  :  "  Preliniiwin  Kopwt  on  tho  Furnnwa  Eiirth^n.»ke  <>f  Murch  17,  laon." 
The  ]MMi»,  V..I.  I.  No.  '2. 
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(D)  Tho  vicinity  of  Basshisho. 

(E)  Cape  Garanbi. 

In  broad  features,  Fig.  1  is  similar  to  Fig.  2,  and  the  local 
centres  denoted  by  (a),  (b),  (r),  and  (d)  in  the  preceding  §  are 
respectively  identical  with  (A),  (B),  (D)  and  here  described. 
(/?),  (C),  (/)),  and  (K)  may  be  regarded  as  forming  a  seismic  zone 
which  is  situated  on  the  eastern  side  of  the  axis,  or  main  moun- 
tain chain,  of  Formosa,  passing  along  the  longitudinal  valley 
separating  tho  latter  from  the  Taito  coast  range.*  (A)  forms  the 
most  active  scat  of  seismic  disturbances  of  inland  origin. 


•  So  iilwo  the  next  Article. 
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1.  Introduction.*  The  disastrous  earthquakes  in  Formosa 
generally  occurred  in  the  densely  populated  south-western  part 
of  the  Island,  where  the  ground  is  Hat.**  The  different  places  on 
the  eastern  coast  are  also  by  no  means  freo  from  the  visitation 
of  strong  shocks,  although  the  amount  of  the  seismic  damage  was 
there  always  insignificant.  The  latter  circumstance  is  probably  due 
to  the  mountainous  nature  of  these  districts  and  the  scarcity  of 
inhabitants,  the  seismic  disturbances  occurring,  in  many  cases, 
under  the  ocean.  The  following  three  earthquakes  were  the 
strongest  felt  in  the  recent  years  along  the  Pacific  side  of  Formosa. 

•  Tbo  times  are  all  Riven  in  the  1st  Normal  .Japan  Time,  or  that  of  longitude  135°  E  of 
Greenwich. 

Sue  my  paper  on  the  Formosa  earthquake  of  March  13.  l'.MKV    The  BulMin,  Vol.  I,  No.  J. 
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(a)  Giran  Eqkc  of  June  /,  1901  ;  at  9h  05m  am.  The  shock 
which  was  quite  local,  was  felt  strongly  and  caused  some  slight 
damage  at  the  town  of  Giran  and  the  vicinity  : — 

Giran.    5  or  »>  houses  lnvd  mud  walls  cracked,  aud  >i  few  roof  tiles 
thrown  dowu. 

Shokei.    One  house  had  the  roof  damaged.    Iu  one  case,  a  mud  wall 

was  thrown  out  of  the  vertical. 
Hachirisha.    <>  houses  slightly  dumagod. 
Suihenkyaku.    5b"  native  houses  damaged. 
Taikakan.    One  native  house  destroyed. 

This  earthquake,  which  was  not  felt  at  Taito  and  Koshun.  was 
slight  at  Tainan  and  Ilokoto,  moderate  at  Taihoku,  and  strong 
at  Taichu. 

(6)  Taito  Eqke  of  Sept.  7,  1903;  at  4h  14m  pm.  The 
disturbance  was  felt  strongly  at  Taito,  where  92  after-shocks  were 
recorded  in  the  course  of  the  following  30  days.  No  damage 
was  done,  the  origin  being  sub-oceanic. 

(c)  Karenko  Eqkes  of  Aug.  26  and  28,  1905.  The  earth- 
quake of  Aug.  26,  which  occurred  at  about  4h  52m  pm.,  was 
felt  slightly  at  Taihoku  and  Taichu,  but  inscnsiblo  at  Tainan, 
Taito,  Hokoto,  and  Keelung.  It  was,  however,  strong  at  Karenko 
and  was  followed  by  several  minor  shocks.  The  earthquake  of 
Aug.  28,  at  about  lh  23m  pm.,  was  much  severer,  causing  at 
Karenko  partial  destruction  of  one  ware-house  and  G  native  houses, 
besides  some  damage  to  two  houses  in  Japanese  style.  This 
shock  was  also  very  local,  the  area  of  severe  motion  being  limited 
only  to  the  immediate  vicinity  of  the  above  mentioned  town.  At 
the  Gozenjo,  about  10  km  to  the  south-west  of  the  latter,  the 
motion  was  strongly  felt  but  caused  no  damage.  At  Basshisho, 
about  42  km  further  on  in  the  same  direction,  the  intensity  was 
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slight.  Tlic  motion  was  sensible  and  slight  at  Taihoku,  Taichu, 
and  Taifco,  but  was  insensible  at  Tainan,  Hokoto,  and  Keelung. 

The  earthquake  of  Jan.  1 1  of  this  year,  which  originated  near 
the  towns  of  Bokusokikaku  and  Basshisho  in  the  Taito  prefecture, 
was  the  strongest  felt  in  the  Island  since  the  destructive  shocks 
of  Kagi  in  March  and  April,  190G. 

Earthquake  of  Jan.  u,  igo8. 


2.  Time  of  occurrence.  The  observations  at  tho  different 
meteorological  observatories  in  Formosa  were  as  follows : — 


Station. 

Geographical  l'owtion. 

Intensity  of 
motion. 

Duration  of 
Preliminary 

Time  of 

Latitude  (N). 

LongHmlc  (E). 

*Cu06> 

Taihoku. 

25°  02' 

121° 

31' 

Moderate. 

»*c. 
1H.H  (?) 

h 
0 

n 

35 

14  pm. 

Taichn. 

24  O'J 

120 

12 

Do. 

0 

32 

57  (?) 

Tainan. 

22  5'J 

120 

12 

Strong. 

iao 

0 

36 

14 

Taito. 

22  45 

121 

00 

Do. 

13.0 

0 

36 

46 

Koshun. 

22  01 

120 

44 

Moderate. 

25.0 

0 

38 

30  (?) 

Ilokolo. 

23  32 

110 

33 

(  Moderate 

1  (rather  weak). 

23.2 

0 

36 

08 

Keelnog. 

25  00 

121 

45 

Do. 

0 

36 

HO 

Knreuko. 

24  00 

121 

33 

Strong. 

0 

36 

00 

The  observations  at  the  5  stations  of  Taichu,  Tainan,  Taito, 
Koshun,  and  Hokoto,  were  each  made  with  an  Omori  horizontal 
pendulum  of  (i  times  magnification  ;  Tainan  being  also  furnished 
with  an  ordinary  (iray-Milnc-Ewing  type  macro-seismograph.  At 
Taihoku  the  pointer  of  the  horizontal  pendulum,  of  10  times 
magnification,  got  out  of  the  smoked  paper  soon  after  the  com- 
mencement of  the  shock,  and  the  duration  of  the  preliminary 
tremor  at  this  place  estimated  from  the  macro-seismograph  record, 
namely,  18.8  sec,  seems  to  be  too  short.  Karenko  had  no  seismolo- 
gieal  instrument,  while  Keelung  had  simply  a  macro-seismograph. 
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The  times  of  the  earthquake  occurrence  at  tho  different  stations 
are  only  approximate,  except  that  at  Taihoku ;  the  probable  time 
of  occurrence  at  the  origin  itself  being  about  Oh  35m  00s  pm. 

3.  Area  of  disturbance.  The  earthquake  was  sensible  all 
over  Formosa  and  in  Hokoto  (Pescadores).  The  shock  was 
also  felt  slightly  at  Ishigaki-jima  (Lyukyu)  at  an  epicentral 
distance  of  about  302  km,  so  that  the  radius  of  the  area  of 
sensible  motion  was  probably  a  little  over  300  km.  As  shown 
in  Fig.  2,  (PI.  XXXV),  the  land  area  of  moderate  and  strong 
motion  was,  for  Formosan  shocks,  unusually  large  and  had  a 
length  and  breadth  of  210  and  100  km  respectively;  the  longer 
axis  being  in  tho  direction  of  NEN  and  SWS  and  coinciding  with 
the  Taito  longitudinal  valley.  Within  this  area,  whose  western 
boundary  was  formed  by  the  line  joining  the  cities  of  Toroku 
and  Tainan,  pendulum  clocks  were  generally  stopped.  According 
to  Mr.  IT.  Kondo,  who  happened  to  be  at  Karenko  at  the  time  of 
the  earthquake,  the  motion  there  was  strong  and  lasted  25 
seconds,  causing  tho  houses  to  be  shaken  considerably,  although 
no  damage  was  produced.  At  Karenko  there  were  some  after- 
shocks and  jinari. 

The  area  of  severe  motion,  within  which  seismic  damage 
was  done,  included  the  villages  of  Bokusekikaku,  Suibi,  and 
Basshisho,  forming  probably  an  ellipse  of  length  and  breadth  re- 
spectively of  about  75  and  50  km.  According  to  the  reports  from 
the  different  rain-gauge  stations,  the  shock  was  preceded  or  ac- 
companied by  sounds,  in  the  western  half  of  the  Island,  at  tho 
four  places  of  Suiteiiyo,  Nanto,  Doko,  and  Seimoju,  where  the 
intensity  of  motion  was  moderate  or  shght. 

4,  Eartliqnake  damage.  The  villages  of  Bokusekikaku 
and  Basshisho  are  situated  among  the  districts  inhabited  by  the 
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aboriginal  tribos,  whose  dwellings  are  of  the  simplest  construction 
with  thatch  roofing,  and  do  not  show  signs  of  seismic  damage ; 
there  being  only  a  very  few  houses  of  "  dokaku,"  or  mud  con- 
struction, prevalent  among  the  native  (old  Chinese)  population  of 
Western  Formosa.  To  these  circumstances  was  partly  due  the 
small  amount  of  the  seismic  damage  to  the  bnildings.  Thero 
were  at  Bokusekikaku  and  Suibi  throe  old  houses  totally  over- 
thrown, besides  a  number  of  the  cases  of  partial  destruction. 
Still  there  is  no  doubt  that  the  intensity  of  motion  in  the 
epicentral  area  was  much  smaller  than  that  on  the  occasion  of 
the  Kagi  earthquake  of  March  17.  1000.  At  Suibi,  the  "byo" 
(native  temple),  the  only  dokaku  building  in  the  village  constructed 
somo  5  years  ago,  had  its  back  wall  entirely  thrown  down, 
while  the  damage  to  the  fiont  side  facing  S80rE  was  limited  to 
cracks  of  the  walls  and  the  falling  down  of  some  roof  tiles. 
(Seo  Fig.  3,  PI.  XXXVI).  The  walls  of  the  sub-prefectural  office 
at  Bokusekikaku  were  much  cracked,  but  the  plasters  did  not 
fall  down.  The  dokaku  house  of  the  chief  official  of  the  village 
of  Chuka,  constructed  in  the  preceding  year,  was  only  cracked  at 
the  junctions  of  the  walls.  The  newly  built  sub-prefectural  office 
of  Seiko-o  was  practically  undamaged,  except  some  slight  separa- 
tion of  the  timbei-s  and  walls. 

Some  landslips  were  caused  by  the  shock  in  the  vicinity  of 
Basshisho,  Suibi,  Bokusekikaku,  and  Sangenya  ;  part  of  the  water 
of  tho  river  Shukoran-kei  having  been  temporarily  stopped  by  the 
falling  of  a  soft  rocky  cliff.  At  a  place  about  2}  km  distant 
from  Basshisho  and  among  the  valleys  of  the  central  mountain 
range  the  stream  waters  were  from  a  similar  cause  stopped  for 
a  few  days.  Again,  at  Bokusekikaku  and  Chuka  tho  ground  was 
cracked,  in  some  cases  to  a  width  of  1  foot. 
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5.   Approximate  position  of  the  earthquake  origin.  The 

opicontral  distances  of  the  four  meteorological  observatories  of 
Taito,  Koshun,  Tainan,  and  Ilokoto,  calculated  by  Equation  (3) 
given  on  page  14P>  of  this  Xumlwr,  from  the  durations  of  the 
preliminary  tremor,  are  as  follows  : — 


Station. 

Epiceutral  Distance  =  x. 

CnlciUiUntl  by  Equation  (.i).  p.  140. 

Taito 

103kn' 

Koslmn 

180 

Tniunu 

138 

Hokoto 

lf>7 

Drawing  on  the  map  of  Formosa  (Fig.  2),  four  circles  about  the 
different  stations  as  centres  and  with  radii  respectively  equal 
to  the  calculated  epicentral  distances  given  in  the  above  table, 
we  find  that  their  points  of  intersection  are  near  each  other,  en- 
closing a  small  quadrilateral  in  the  vicinity  of  Basshisho.  Taking 
also  the  isoseismal  lines  into  consideration,  the  approximate  posi- 
tion of  the  epicentre,  marked  in  the  figure  by  a  small  cross  (  x ), 
seems  to  be  at  about 

if  =  2V  37'  X, 
).  =  121-  1;V  E. 

The  epicentre  thus  located  is  about  52  and  96  km  distant  re- 
spectively from  Karenko  and  Taito,  being  nearer  the  former  by 
44  km.  Xow,  by  a  curious  coincidence,  it  happened  that  one 
Mr.  Wakamatsu,  in  the  service  of  the  post  office  at  Taito, 
happened  to  telephone  to  Karenko  just  before  the  occurrence  of 
the  earthquake  in  question.  He  received  for  answer  the  informa- 
tion that  a  strong  earthquake  was  taking  place  at  Karenko  and 
was  requested  to  wait  for  a  moment ;  some  noisy  sounds  being 
simultaneously  perceived  through  the  telephone.    After  a  short 
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time  interval,  while  he  was  wondering  what  was  the  matter,  a 
strong  shaking  began  to  be  felt  also  in  Taito.  This  circumstance 
illustrates  in  a  practical  manner  the  fact  of  the  transmission  of 
the  seismic  waves.  As  the  propagation  velocity  of  the  vibrations 
composing  the  principal  portion  of  the  earthquake  motion  is  about 
3.3  km  per  sec,  the  time  difference  between  the  occurrence  of 
the  shock  at  Karenko  and  that  at  Taito  would  have  been  about 
13  seconds,  for  the  distance  difference  above  assumed. 

6.  Relation  of  the  earthquake  of  Jan.  11,  1008  to  that 
of  March  17,  1000.  The  cause  of  the  disastrous  Kagi  earth- 
quake of  March  17,  190G,  was  the  formation  of  the  Raishiko 
and  Chinsekiryo  faults,  in  the  main  direction  of  west- slightly- 
south  and  east-slightly-north,  over  a  distance  of  13£  km  from 
Baishiko  on  the  east  to  Dabyo  on  the  west.  It  was  further 
pointed  out,  firstly,  that  the  fault  was  probably  continued  west- 
wards to  the  vicinity  of  the  town  of  Shinko  for  a  further  distance 
of  about  12  km,  making  up  a  length  of  25£  km  ;  and,  secondly, 
that  this  latter  length  corresponded  only  to  the  western  half  of 
the  line  of  dislocation  and  the  eastward  continuation  passed  among 
the  mountains  for  a  further  distance  of  20  or  25  km,  the  total 
extension  of  the  fault  being  some  50  km.* 

From  the  map  (Fig.  2).  in  which  the  western  and  the  pro- 
bable eastern  halves  of  the  ntxne  mentioned  fault  are  indicated 
respectively  by  thick  full  and  doted  lines  in  red,  the  further 
eastward  prolongation  of  the  samp  line  of  disturbance  seems  to 
pass  through  the  epicentre  (*  )  of  the  Bokusekikaku  and  Basshisho 
earthquake  of  this  year.  My  supposition  is  that  the  latter  shock 
was  a  continuation  of  the  Kagi  catastrophe  of  11)00,  the  forma- 
tion of  the  fault  having  been  extended  eastwards. 

•  S,f  tin  IMMln,  Vol.  I.  X...  -i. 


Digitized  by  Google 


On  tbc  UukiiDckikitku  nml  HiShkuikn  (Forxuomi)  Eiirtluiuuki-  of  Jaiiiuiry  11,  11K)8.  1<J3 


If  tho  above  supposition  bo  correct,  the  process  of  dislocation 
must  have  proceeded  downwards  in  the  eastward  extension,  as 
the  focal  depth  of  the  Bokusckikaku  and  Basshisho  earthquake 
was  evidently  great.  The  intensity  of  motion  in  the  assumed 
epicentre!  district  was  not  greater  than  in  the  case  of  the  very 
local  Karenko  shock  of  11)05. 

7.  Mutual  relation  of  the  different  strong  earthquakes 
along  the  eastern  coast  of  the  Island.  The  back  bone  of 
Formosa,  whose  geographical  feature  is  rather  simple,  is  formed 
by  the  heavy  mountain  chain,  which  inns  parallel  to  the  longer 

axis,  and  is  nearer  to  the  eastern 
coast,  of  the  Island.  It  begins 
in  the  Koshun  peninsula  at  the 
southern  extremity,  and  takes  the 
NEX  direction,  till  the  great 
height  of  over  3,000  metres  is 
reached  among  the  peaks  in  the 
vicinity  of  Mt.  Sylvia.  Thence 
tho  direction  of  the  range  is 
turned  toward  EXE  and  reaches 
the  sea  at  the  neighbourhood  of 
So-o ;  forming  the  tremendous 
steep  cliffs  along  the  eastern  coast 
between  the  latter  place  and 
Karenko.  Mt.  Xiitaka  (Mt.  Mor- 
rison) is  the  highest  peak,  not 
only  in  Formosa,  but  in  the 
whole  of  Japan  arid  attains  the 
altitude  of  over  4,000  metres. 
The  eastern  sido  of  the  main 


Fig.  1.   Map  of  Formosa. 

A . . , .  Gciicnd  oourw  of  the 

Frinripnl  Mountain  Itiiiigc. 

B  Tiuto-Knrcnko  Longitutliniil  Vulky 

C  . . . .  Taito  Const  Hiiugc. 
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mountain  range,  which  is  much  steeper  than  the  western  side, 
descends  abruptly  into  a  straight  longitudinal  valley  which  extends 
between  Karenko  and  Taito.  To  the  east  of  this  valley  there  is 
along  the  coast  a  small  mountain  range  of  about  1,000  metres 
height,  called  the  Taito  Coast  Kange.  It  seems  probable  that  the 
Karenko-Taito  longitudinal  valley,  whose  northern  and  southern 
continuations  may  be  supposed  to  run  oft"  the  coast,  is  as  explained 
below  closely  connected  with  the  seismic  phenomena  in  the  whole 
eastern  part  of  the  Island.    (See  Fig.  1.) 

Again  from  the  maps  (Pis.  XXXIII  and  XXXIV)  showing  the 
earthquake  distribution  in  Formosa,  it  seems  that  the  more  fre- 
quently disturbed  regions  about  (iiran,  Karenko,  liasshisho  and 
Bokusekikaku,  Taito,  and  (iaranbi  (southern  extremity  of  the 
Island),  belong  to  a  continuous  earthquake  zone,  which  runs  along 
the  eastern  coast  of  the  Island,  or  rather  along  the  eastern  side 
of  the  main  mouutatin  range.  In  the  northern  part,  between 
friran  and  Karenko,  this  zono  is  probably  some  little  distance  oft" 
the  coast,  while  its  middle  part,  between  Karenko  and  Tainan,  is 
probably  situated  inland  and  coincides  with  the  Karenko-Taito 
longitudinal  valley.  The  southern  part  of  the  zone,  between  Taito 
and  Garanbi,  is  again  a  litle  distance  off  the  coast. 

Now  tho  Bokusekikaku- Hasshisho  earthquake  of  Jan.  1 1,  1908, 
may  be  taken  also  to  belong,  together  with  the  three  previous 
strong  shocks  mentioned  in  §  1,  (a),  (6)  and  (e),  to  the  longitu- 
dinal seismic  zone  along  the  eastern  coast  of  Formosa  as  above 
supposed.  In  other  words,  the  stress  was  gradually  increasing 
along  the  zone  in  question  and  produced  strong  disturbances  at 
the  different  places,  in  the  following  order  :— (1),  Vicinity  of  (liran 
in  the  north  ;  (2),  off  the  coast  of  Taito  in  the  south  ;  (3),  Vicinity 
of  Karenko,  between  (1)  and  (2),  but  nearer  to  the  former;  (4), 
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vicinity  of  Bokusckikaku  and  Basshisho,  l>et\veen  (3)  and  (2). 
(Sec  Pis.  XXX11I  and  XXXIV.)  For  other  cases  of  the  successive 
occurrence  of  strong  or  destructive  shocks  along  an  earthquake 
zone  the  reader  is  referred  to  the  "  Bulletin"  Vol.  I,  Nos.  1  and  3. 

8.  Aftershocks.  At  Basshisho  the  number  of  the  after- 
shocks felt  till  10  am.  on  the  following  day  was  20  or  30,  and 
there  were  several  jinari,  or  earth  sounds  which  seemed  to  proceed 
from  some  distance.  At  Bokusckikaku  there  were  also  a  number 
of  after- shocks.  The  following  is  a  list  of  the  shocks  and  sounds 
subsequent  to  the  initial  disturbance,  observed  by  Mr.  H.  Kondo 
during  his  travel  in  the  Taito  prefecture  : — 

(January  1908) 
11th.  Karoiiko.     Slight  shock  at  0.38  and  0.50  pm. 
12th.       „  „  „     0.34  pra. 

13th.  Gozenjo.         „  „     7.30  and  8.12  pin. 

14th.  In  the  vicinity  of  Gozenjo.    Jinari  at  11.25  am. 
„      Bataian.      Jinnri  at  7.10  pm. 
M        .»  ii       ii  °-00  am. 

15th.  Basshisho.    Sound  and  slight  shock  at  0.54  pm. 
Siiibi.  Sound  and  slight  shock  at  8.02  pm. 

Slight  shock  at  8.10  pm. 
Kith.  Sangonya.    Moderate  earthquake  at  0.07  pm.,  followed  by  others. 
17th.      „  Moderate  shock  at  2  am.    After  the  17th,  tho  shocks 

became  rarer. 

In  conclusion  I  must  express  my  thanks  to  Mr.  II.  Kondo, 
who  have  kindly  put  at  my  disposal  the  materials  and  the  results 
of  his  observations  respecting  the  earthquake. 
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1.  Introduction.  As  stated  below,  the  submarine  earth- 
quakes of  May  13,  1908  seem  to  have  originated  at  a  point 
Ixjtwecn  Cape  Omaezaki  (province  of  Totomi)  and  the  Hachijo-jima. 
The  latter  is  one  of  the  islands  belonging  to  the  Fuji  volcanic 
chain,  and  is  at  a  distance  of  about  290  km  due  south  of  Tokyo. 
Let  us  first  examine  the  relation  between  the  activity  of  this 
chain  and  that  of  the  "  external  seismic  zone,"  which  runs  pa- 
rallel to  the  Japan  arc  on  the  Pacific  side. 

2.  Activity  in  recent  years  of  the  External  Seismic  Zone. 
The  majority  of  the  recent  larger  Japan  earthquakes  originated 
from  the  northern  part  of  the  "  external  seismic  zone,"  namely, 
off  the  eastern  coasts  of  the  Main  Island  and  the  Hokkaido,  ex- 
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tending  in  the  south  to  the  mouth  of  the  Tokyo  Bay.  (See  the 
Bulletin,  Vol.  I,  No.  2.)  Their  frequency  varied  of  course  from 
year  to  year,  as  will  be  seen  from  the  following  table,  which 
gives  the  annual  numbers  of  the  submarine  earthquakes,  whose 
land  area  of  sensible  motion  was  over  7,000  square  /*/,*  and  which 
originated  from  the  region  under  consideration. 


TABLE  I. -YEARLY  NUMBER  OP  THE  EARTHQUAKES 
WHICH  ORIGINATED  OFF  THE  NORTH-EASTERN  COAST  OF  JAPAN. 

1mul\  urea  of  Sensible  motion  >  7,000  sq.  ri. 


Yonr. 

Nnmbsr  of  the  Earthquakes. 

1901 

5 

1902 

12 

1903 

5 

1904 

:$ 

1905 

2 

1900 

2 

1907 

4 

From  the  above  table,  it  will  be  seen  that  the  larger  earth- 
quakes of  the  submarine  origin  occurred  12  times  in  1902,  but 
were  much  rarer  and  had  the  average  annual  frequency  of  2.8 
in  the  years  after  1904.  This  decrease  of  the  seismic  frequency 
for  the  zone  in  question  is  also  clearly  shown  by  Table  II,  which 
gives  for  the  interval  of  1892  to  1907  the  yearly  number  of  those 
earthquakes,  each  of  which  was  felt  strongly,  moderately,  or 
slightly,  along  the  north-eastern  coasts  of  Japan  over  a  land  area 
greater  than  4,000  sq.  ri. 

*  1  ri  =  2.4  mile*  or  3.SW7  km. 
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TABLE  II.— YEARLY  NUMBER  OF  THE  EARTHQUAKES. 

WHICH  ORIGINATED  OFF  THE  NORTH-EASTERN  COABTS  OF  JAPAN, 

And  wbit'U  were  ciu-li  fell  siromjli/,  iixxlmilely,  or  xTajhlly  over 

thnn  4.000  aq.  ri. 


Year. 


Numljer  of  tho  Earthqtwkoa. 


1892 

189:5 
1894 
1895 
1890 
1897 

1898 
1899 
1900 
1901 
1902 

1903 
1904 
1905 
190fi 
1907 


1 

r, 
l 

3 
8  ) 


1  \ 

2 

•"> 
4 

6 


0 
2 

:: 

2 
2 


3.6 


Mmn  ....  3.6 


•  Mtint — 1.8 


According  to  the  above  table,  the  larger  ami  stronger  earth- 
quakes occurred  8  and  0  times  respectively  in  the  years  1897 
and  1902 ;  the  average  annual  frequencies  during  the  two  succes- 
sive five  year  intervals  of  1893-1897  and  of  1898-1902  being 
each  equal  to  3.fi.  During  the  last  years,  1903-1907,  the 
seismic  activity  was  much  smaller,  the  average  frequency  being 
1.8.  Thus  it  will  bo  seen  that  the  large  submarine  earthquakes 
whose  origins  were  near  Pacific  coasts  of  the  northern  Japan 
decidedly  decreased  in  number  since  1903.  It  is  probable  that 
this  decrease  will  continue  for  several  years  to  come,  and  that 
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the  centre  of  seismic  activity  on  the  outer  side  of  Japan  will  lie 
in  future  transferred  along  the  "  convex  seismic  zone  "  southwards 
to  the  sub-oceanic  region  off  the  coasts  of  Tokaido  and  Nankaido, 
between  the  peninsula  of  Izu  and  the  Island  of  Kyushu.  In  the 
mean  while,  the  activity  along  the  Fuji  volcanic  zone  seems  to 
have  been  increasing  during  the  recent  years. 

3.  Recent  activity  of  the  Fuji  volcanic  zone.  The  series 
of  the  islands  (seethe  map.  Fig.  1)  belonging  to  the  Fuji  volcanic 

Chain  lias.  Within  the  last  a  t«*w  vm*.m\    bnnn  nnn-ivilR-    nr«fivn  in 


ERRATA 

p.  167.  lines  3  and  2  from  Ixnttom, /.r  "strongly.  moderately,  or  slightly,"'  rm>l 

"  violently,  strougly.  ot  moderately." 
p.  1(18,  Table  II.  for  -  strongly,  moderately,  or  slightly.'1  rtwl  -  violently,  strongly. 

or  moderately." 


Kock  (to  the  south-east  of  the  Aoga-shima),  in  April,  probably 
between  the  7th  and  13th,  IDOil.  The  outbursts  continued  for 
about  one  week,  a  great  quantity  of  pumice  having  Ixxmi  found 
floating  on  the  sea  surface. 

As  regards  the  seismic  activity,  there  were,  since  1890,  fifteen 
larger  or  stronger  earthquakes  which  originated  along  the  Fuji 
zone  islands;  the  date,  time  of  occurrence,  approximate  position 
of  the  origin,  and  area  of  disturbance*  for  each  of  these  shocks, 

•  The  area  of  disturbance  signifies  here  the  area  within  which  the  motion  was  felt  or 
recorded  by  the  ordinary  Gray  Milne-Ewing  typo  seismographs. 


Digitized  by  Google 


170 


F.  Onwri  : 


■ 

numbered  1  to  lfi,  bcin«  given  in  Tabic  III.  The  earthquakes 
numbered  2',  3',  4',  5',  0',  7',  10',  IT,  13',  11'  and  15',  given 
for  the  sake  of  comparison,  are  those  which  do  not  belong  to 
the  zone  in  question,  but  winch  occurred  within  a  short  time 
interval  before  or  after  the  shocks  2,  3,  4,  r>,  etc.,  respectively. 

TABLE  HI—LIST  OP  THE  LARGER  EARTHQUAKES  WHICH  ORIGINATED 

ALONG  THE  FUJI  VOLCANIC  ZONE.  1890-1908. 

Eqkin  N<jb.  2\  3'.  4'.  5',  6'.  7'.       10\  11',  13'.  II',  utul  15'  are  tlu>  largor  aintiirlwmo™ 
which  preceded  or  follow-txl  the  hIuk-Vh  under  ocmHirinmtion. 


No. 

Date. 

Approximate  rofuuon  or. 
Kqke  Origin. 

Time  <»f 
Occurrence 
at  Origin. 

Area  of  Disturbance. 
(Longer  auB  x  Hbarter  axi*.) 

1 

April 

16, 1890. 

|  Vicinity  of  Miyake  aud 
(    Mikara  Islands. 

h  hi 
9  30  pm. 

Land  area  of  aeiiaible  , 
V   motion  =  4740 sq.  ri) 

2 

Feb. 

12.1 

.896. 

In  the  sea  of  Isu. 

6  38  am. 

150xl20rL 

2' 

I" 

14. 

•• 

Tokyo  Bay. 

1  58  am. 

110 x  GO 

<• 

>• 

XW.  port  of  MnmahL 

2  04  am. 

llOx  C5 

3 

May 

M 

Do. 

2  37  pm. 

150x140 

.T 

•< 

•■ 

Vicinity  of  Kyoto. 

6  38  am. 

120 x  00 

4 

Jan. 

18,  1897. 

Ill  the  a«a  of  Isu. 

9  27  pm. 

120  x  90 

4' 

17, 

Suziika  (Sliinuuo). 

5  36  am. 

130x110 

5 

March 27,  3 

.898 

In  the  aea  of  Isu. 

3  24  am. 

170  x  110 

6' 

•• 

Off  the  S.  ovist  of  Srtgnmi. 

11  '25  pm. 

120x100 

6 

Jan. 

31,  1900. 

In  the  sea  of  Ixu. 

2  37  am. 

180x120 

6' 

Feb. 

1. 

»» 

Off  the  E.  cowt  of  MnUu. 

4  22  am. 

250x150 

7 

Nov. 

5.3 

.900. 

(9=33'43'N;  *  =  139WE 
,  Near  the  laUnda  of  Miya- 
1    ke,  Mikura  and  Kom 

4  41  pm. 

200x140 

7' 

«, 

•• 

(Off  the  SK.  co-urt  of  Awn- 
1    Kftznsn  l'eniiiHulo. 

6  11  pm. 

120 x  AO 

8 

•• 

9. 

•» 

(Some   distance  to  the 
{    South  of  No.  7. 

2  54  am. 

180x140 
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TABLE  m.   r< <»>t.) 


No. 

Dnte. 

Approxinime  jl  ueiiiou  ox 
Eqke  Origin. 

L  1U1C  UL 

Occurrence 
ut  Origin. 

A  run  ut.  xsim\  ux  uuuiVi 

(Longer  axis  x  shorter  axis.) 

Q 
» 

Wov. 

19,  1900. 

in  XJie  sea  oi  izu. 

li  en 

iv  ao  pm. 

rt.  tl 

1  10  w  HO 

tit 
IT 

•• 

o.  part  oi  l  annuo. 

4  4U  a  111, 

ion w  70 

10 

rob. 

20.  1902 

Vicinity  of  Hachijo-jima. 

10  50  am. 

190x150 

10' 

21, 

Off  Ibe  LI.  const  of  Muuw. 

0  35  am. 

2(50  x  170 

11 

Jane 

3,  1903. 

Vicinity  of  Hachijo-jima. 

0  28  pm. 

180x100 

11' 

2.  ,. 

Off  the  E.  const  of  Mutsu. 

7  59  pm. 

150  x  90 

12 

Nov. 

13,  1904. 

{Vicinity  of  Ogaaawara- 
1  jima. 

9  49  am. 

/Land  area  of  sensible  \ 
V   motion  =  590  sq.  ri.  ) 

13 

June 

7,  1905. 

Vicinity  of  Oehima. 

2  40  pm. 

220x120 

a.  .. 

In  the  Inland  Sen. 

2  40  pm. 

450x'2(H> 

13' 

i; 

i,  ., 

« 

3  08  am. 

90  x  50 

>• 

8  32  pm. 

Jttlx  10 

14 

May 

4,  1907. 

I  Vicinity  of  Ogaaawara- 
(  jima. 

5  37  pm. 

600x400 

11' 

5, 

Off  Ibe  E.  ouiKt  of  Hitmhi. 

'2  Ml  am. 

220  x 180 

15 

(May  13,  1908. 

>i       >•  •• 

(Between  Haobijo-jima 
1    and  Omae-zaki. 

Do. 

5  23  am. 
5  37  am. 

400x250 
400x200  ' 

15' 

i: 

14.  ., 

15,  .. 

Central  part  of  Hitachi. 
8.  part  of  Uiknzen. 

10  57  am. 
10  10  am. 

40  x  30 
100 x  50 

Of  the  15  earthquakes,  Nos.  1  to  1"»,  the  strongest  were  the 
three  Nos.  1,  7,  and  13,  each  of  which  was  semi-destructive  at 
somo  of  the  islands  within  tho  mcizoseismal  area,  and  caused  sonic 
damage  such  as  cracks  of  the  ground,  landslips  of  cliffs,  etc.  No.  1 
was  felt  severely  in  the  islands  of  Miyake  and  Mikura,  and  No.  7  in 
these  two  as  well  as  in  the  island  of  Kozu.  Eqke  No.  14  origi- 
nated near  the  island  of  Oshima.    The  positions  of  the  origin  of  dis- 
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turbance  of  the  4  shocks  Nos.  7,  11,  13  and  15  arc  indicated  in 
Fig.  2.  Of  the  remaining  earthquakes,  Nos.  1 0  and  1 1  originated 
in  the  vicinity  (if  the  ITachijo-jima,  while  Xos.  12  and  14  origi- 
nated in  the  vicinity  of  the  Ogasawara-jima. 

The  following  table  gives  some  of  the  results  of  the  seismo- 
graphical  observations  at  Tokyo,  Osaka,  and  Mizusawa,  relating  to 
the  earthquakes  Nos.  6-14.    (Eqkes  No.  15  arc  considered  later  on.) 

TABLE  IV.   EQKES  NOS.  6  14,  OBSERVED  AT  TOKYO,  OSAKA, 

AND  MIZUBAWA 

l  l'imv  of  Oi-cumsucu  ^  I. 

1  Total  Duration  of  the  Preliminary  Tremor  =  (/. 
jl>urntiuu  of  the  lat  preliminary  Tremor  =y,  ■ 

\  ..        2tul        ,,  „    -y, . 


Tokyo. 

OniiL 

a. 

Mizu<tu\ 

HI. 

No. 

Dnte. 

!  ' 

t 

y 

/ 

ft 

Jlitl. 

31,  1900 

2 

ti 
37 

31 

nni. 

33(1'.= 

15 
1H 

7 

Nov. 

5. 

•• 

4 

11 

42 

pill. 

17 
10 

« 
» 
10 

» 

Ftib. 

'J, 
W. 
20. 

»• 

11)02 

2 
10 
10 

55 

:>s 
49 

03 
25 

urn. 
pni. 
urn. 

30.1 

56 
43 
12 
13 

10 

It! 

50 

10 

urn. 

i»/,-51 

h     m  ' 
10  50  22 

am. 

11 

June 

;i, 

1003 

0 

27 

18 

pm. 

25.1 

0 

2H 

20 

pin. 

«3 

0  28  55 

pm. 

12 

Nov. 

13, 

1904 

■J 

48 

50 

urn. 

48.5 

9 

47 

2:> 

am. 

i:l 

.lime 

7. 

1905 

2 

3D 

30 

pin. 

17. 

2 

40 

18 

pm. 

50 

2  40  33 

pni. 

11 

Mht 

1, 

1907 

5 

:sh 

Jl 

piu. 

96. 

c 

38 

53 

pm. 

5  38  54 

pm. 

Calculating,  for  each  of  Eqkcs  Nos.  1 1  and  13,  the  cpieentral 
distances  (x)  by  the  formula  .rkm  =  i\M  y'"  r  8.1k"V::  we  lind  :— 

Eqko  No.  11    ....  Tokyo  ISO"'" ;  Osaka  440k"1 

Eqke  No.  13    ...  Tokyo  125    ;  Osaka  351 

«    Thin  NnmLer.  p.  1»0. 
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As  shown  in  the  map  (Fig.  2),  tho  origin  of  Eqkc  No.  13,  deter- 
mined by  the  intersection  of  the  two  circles  drawn  about  Tokyo 
and  Osaka  respectively  with  radii  proportional  to  the  distances 
here  obtained,  is  found  to  be  quite  close  to  the  island  of  Oshimti, 
which  volcano  (v'=34  43'  N,  ;.=130  21'  E)  was  probably  the 
real  centre  of  the  disturbance.  The  origin  of  Eqke  No.  11  is 
similarly  found  to  be  about  70  km  to  the  south-west  of  the  island 
of  Hachijo.  The  Tokyo  epicentral  distance  of  Eqkc  No.  7  was. 
according  to  the  calculation,  193  km  and  its  origin  was  probably 
near  to  Miyake-jima,  approximately  at  ^  =  34  3'  N,  ;.=  139  22'  E. 
These  three  earthquakes,  together  with  the  shock  of  May  13th  of 
this  year,  thus  seem  to  have  originated  all  along  the  chain  of  the 
lzu  volcanic  islands  ;  the  others  having  their  centres  in  the  same 
neighbourhood  or  southwards  in  the  vicinity  of  Ogasawara-jima 
(lionin  Islands), 

4  Relation  between  the  earthquakes  of  the  Fuji  volcanic 
sone  and  those  originating  off  the  north-eastern  coasts  of 
Japan.  According  to  Table  111,  the  majority  of  the  larger  earth- 
quakes, which  belonged  to  the  Fuji  volcanic  chain,  and  whose 
area  of  disturbance  liad,  in  each  case,  a  longer  diameter  greater 
than  100  ri  (  =  400  km),  w  ere  accompanied  within  a  day  or  so  by 
similar  ones  originating  elsewhere  iu  Japan  or  off  its  north-eastern 
coasts.  Before  conceiving  any  relation  between  these  different 
groups  of  earthquakes,  however,  it  is  necessary  to  examine  the 
average  frequency  of  larger  earthquakes  in  the  whole  of  Japan. 
This  is  indicated  in  the  accompanying  table,  for  those  years  in 
which  the  shocks  Nos.  2,  3,  11,  13,  14  and  15  took  place. 
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TABLE  V.  -YEARLY  NUMBER  OF  LARGER  EARTHQUAKES. 

WHOLE  JAPAN. 


Yenr. 

Number  of  Eqkett,  wluwe  lnnd 
nren  of  tUsturtwitice  won  greater 
than  I. IKK)  hii  ri 

Number  of  Eqkea,  whooe  longer 
a xix  of  the  urea  of  disturbance 
was  greater  than  100  ri 
( -  400  km). 

189(J 

38 

30 

1897 

3(i 

34 

1898 

<!2 

51 

190(1 

72 

1902 

75 

1903 

59 

1904 

50 

1905 

84 

1907 

71 

The  annual  earthquake  number  in  Japan  during  the  interval 
under  consideration  varied  l>etwecn  31  and  84,  giving  the  average 
value  of  59,  which  is  equivalent  to  one  larger  shock  occurring 
every  0.2  days.  This  is  7  times  longer  than  the  average  interval 
of  2L6  hours  (Table  VI)  between  the  different  earthquakes  of 
the  Fuji  volcanic  zone  and  the  shocks  which  accomi>anied  them. 

Hence  it  is  probable  that  the  earthquakes  Xos.  2',  3',  4'.  

which  either  preceded  or  followed  the  Eqkes  Nos.  2,  3,  4,  

were  really  related  to  these  latter. 

The  eleven  earthquakes,  2',  3',  4'  may  be  divided  into  two 

groups,  (i)  and  (ii),  according  as  they  preceded  or  followed  those 
of  the  Fuji  volcanic  zone,  as  shown  in  tho  following  table. 
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VI  —  RELATION  OP  THE  EARTHQU; 
VOLCANIC  ZONE  TO  THOSE  OF 


OF  THE  FUJI 
ORIGINS. 


Eqke. 
Nop. 


Origin  of  the  Eqke  hy  which  that  of 
the  Fuji  Volcanic  Zone  wa* 


•  (i) 


followed.. (ii) 


Time  interval  hy  which  Eqke  of  the 
Fuji  Volcanic  Zone 


by(i) 


followed  by  (ii) 


2'~2 

3-  3' 

4-  4' 
5'-5 
G'-fi 
7'-7 
9-9' 

lO'-lO 
H'-IO 
13-13' 
14'-14 

iy-i5 


Tokyo  Hay. 


Vicinity  of  Kyoto. 

I  Vicinity  of  Hnxaka 
l(Shinano) 


(Off  the  8.  const 
1 1  of  Sngnmi. 
j  Off  the  E.  oooxt 
"  1 1  of  Mutso. 

[  Off  th.  t»P_  n>iut  of 
Hie  Aw.  Kurun 


X.  part  of  Yamnto. 


Inland  Sea 


[Off  the  E.  coaRt  of 

x. 

«lo. 


I  Off  the  coast  of 

I  Hitachi. 


0 

8 

1 

16 

0 

IK 

0 

18 

.i«r 
1  1» 


0  211 

1  2 
1  2 


I) 


14 

IB 


1 


J/ttlH  . 


21 


23 


Gtntral  Mtm. 


It  will  be  seen  from  the  above  table  that  there  is  apparently 
si  certain  regularity  in  the  order  of  occurrence  of  larger  earth- 
quakes along  the  different  seismic  zones.  All  the  earthquakes 
of  Group  (ii)  originated  off  the  north-eastern  coasts  (including 
Tokyo  Bay)  of  Japan,  while  those  of  Group  (i)  originated  in  the 
central  part  of  the  Main  Island  or  in  the  Inland  Sea.  Whether 
these  interesting  relations  are  also  fulfilled  in  the  future  renin  ins 
to  be  seen.  It  is  true  that  the  number  of  the  shocks  of  Group 
(i)  is  too  few  nnd  only  four.    But  the  uniformity  of  the  Pacific 
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origin  of  all  the  12  shocks  of  Group  (ii)  is  striking.  Confining 
our  attention  to  the  latter  group  alone,  we  may,  as  a  provisionary 
conclusion,  suppose  that,  when  the  seismic  stress  along  the  Japan 
arc  readies  a  maximum  limit,  and  an  earthquake  first  occurs 
along  the  Fuji  volcanic  zone,  an  equal  or  greater  disturbance  is 
likely  to  originate  after  about  one  day  off  the  eastern  coast 
of  the  Main  Island  or  Hokkaido.  That  is  to  say,  the  Fuji  zone, 
or  the  series  of  the  islands  belonging  to  it,  forms  a  very  sensitive 
seismic  belt,  and  gives  risotto  the  earthquake  or  volcanic  erup- 
tion, which  serves  as  a  fore-runner  to  another  in  the  northern  part 
of  the  principal  or  external  seismic  zone. 

5.  Volcanic  eruptions.  Of  the  three  volcanic  eruptions 
mentioned  in  §  3,  the  first  and  the  third,  which  occurred  not 
very  far  from  Izu  islands  group,  respectively  at  Tori-shima  and 
near  the  Bayonnaise  Hock,  were  each  accompanied  by  a  marked 
seismic  activity.  Thus,  the  eruption  of  Tori-shima  took  place 
between  the  night  of  7th  and  that  of  9th,  in  August  1902, 
the  larger  Japan  earthquakes  during  this  epoch  being  as 
follows  :— 


Date. 
(Aug.,  1902) 

Approximate 

Time  of 
Occurrence 
at  Origin. 

Origin  of  Earthquake. 

rxmgor  and 
Shorter  nxos 

of  Area  of 
Disturbance. 

7 

li  nt 

U  30  pm. 

Kay  of  Tokyo. 

ri.  rt. 

160  x  70 

»i 

H  '22  pm. 

Off  tho  coast  of  Mntsn. 

250  < 150 

K 

8  Wl  am. 

Sjihara  (Shimoaa). 

200  x 120 

It  may  be  added  that  there  was  no  large  earthquake  in  any  part 
of  Japan  during  the  1 1  days  preceding  the  7th  of  August,  and 
also  during  the  11  days  succeeding  the  8th  of  August. 
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The  submarine  oruption  near  the  Bayonnaise  Rock  probably 
occurred  between  7th  and  13th  of  April,  1000,  (i.e.  simultaneously 
with  the  great  outbursts  of  the  Vesuvius),  there  having  been  the 
following  six  earthquakes  during  the  7  days  from  4th  to  14th 
(Formosa  excepted)  :  — 


Date. 
(April,  1900) 

Approximate 

Time  of 
Occurrence 
at  Origin. 

Origin  of  Earthquake. 

Longer  and 
Shorter  axes 

of  Area  of 
Disturbance. 

4 

1>  Til 

10  04  am. 

Off  the  const  of  Rikuzen. 

rl.  rl. 

l.iOx  70 

r> 

11  50  am. 

„          „  Iwaki. 

240  x 180 

0 
8 
9 

7  29  pm. 
2  52  pm. 
2  :-W  am. 

Off  the  E.  coast  of  Nomura 
Off  the  E.  coast  of  Awn- 

Kazusa  Peninsula. 
Off  the  coast  of  Twaki. 

:ir»ox  ? 

100 x  70 
230  x 100 

11 

7  08  pm. 

NW.  pirt  of  Mino. 

140 x  90 

In  this  ease  again  there  was  no  large  earthquake  in  Japan 
(Formosa  excepted)  during  the  11  days  preceding  the  4th  of 
April,  and  during  the  9  days  succeeding  the  11th  of  April. 

6.  Note  on  volcanic  earthquakes.  The  earthquakes 
originating  along  the  Fuji  volcanic  chain  are  probably  of  the 
volcanic  origin,  that  is  to  say,  the}-  are  the  effects  due  to  the 
activity  of  the  volcanic  energy,  resulting  in  the  sudden  formation 
or  extension  of  a  subterranean  cavity  and  other  disturbances. 
Earthquakes  of  this  naturo  need  not  necessarily  be  small,  and 
are  sometimes  quite  different  in  magnitude  from  those,  which 
accompany  actual  volcanic  eruptions  or  explosions  and  which  are 
of  purely  surface  origins.  As  instances  of  strong  volcanic  earth- 
quakes of  moderate  extension,  I  may  mention  the  shocks  on 
April  21st  and  22ml,  1792,  which  preceded  the  final  catastrophe. 
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of  the  Vmen-dake  (in  the  province  of  Hizen,  Kyushu),*  which 
caused  in  the  town  of  Shimabara  some  damage  to  buildings  and 
cracks  of  the  ground  about  1  inch  in  width.  The  earthquake  of 
April  2,  1868,  in  the  island  of  Hawaii,  which  attended  the  erup- 
tion of  Mauna  Loa  in  that  year,  is  another  example.  It  caused 
some  damage  to  buildings  in  the  vicinity  of  tho  mountain,  in 
addition  to  a  landslip  which  produced  a  remarkable  mud  stream. 
Tho  shock  at  Pompeii,  which  had  caused  a  considerable  amount  of 
damage  to  the  buildings  in  that  city  10  years  prior  to  its  final 
destruction  by  the  eruption  of  the  Vesuvius,  was  also  evidently 
of  the  same  category. 

The  proper  volcanic  earthquakes  are  thus  sometimes  strong, 
semi-destructive,  or  even  locally  destructive,  but  seem  as  a  rule 
not  to  attain  the  magnitude  of  a  large  destructive  shock. 

Earthquake  of  May  13,  ;go8. 

7.  Different  shocks  on  May  13,  190S.  As  is  usually  the 
case  with  stronger  earthquakes  of  tho  Fuji  volcanic  zone,  the 
principal  shock  of  May  13th,  1908,  at  about  5h  23m  am.,  was 
accompanied  by  many  minor  ones,  the  earliest  of  which  occurred 
at  4h  44m  am.  on  the  same  day.  The  following  table  is  a  list 
of  13  of  the  shocks  of  this  group,  which  were  sensible  or  were 
recorded  by  the  ordinary  Grey-Milne- Ewing  type  seismographs  on 
the  Main  Island,  during  the  course  of  tho  next  24  hours;  the 
numerals  within  the  brackets  in  the  first  column  corresponding 
to  those  of  the  fore-shocks  (Table  on  page  99)  and  after-shocks 
(Table  X)  observed  at  Haehijo-jima. 

•  Sec  my  •'  Note  on  the  Eruption!*  of  the  CoMn-dake  in  the  lth  year  of  Knnwi  (17*21" 
The  BuUrtin.  Vol.  I.  No.  X 
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TABLE  VH.-UBT  OP  THE  EARTHQUAKES  ON  MAY  13th  AND  14th,  1908, 
WHICH  WERE  SENSIBLE,  OR  WERE  RECORDED  BT  THE  ORDINARY 
GRAY-MILNE-EWING  TYPE  SEISMOGRAPHS 


No. 

Approximate 

timu  of 
Occurrence 

Time  of 
<  Icrtirrenoe 

Strtmij. 

Studcrnte. 

Slvjht. 

(innenmble)  *• 

nt  Origin. 

in  Tokyo.  • 

[May  13th  J 

n  111 
"  I1) 

ii  hi 
1  41  nm. 

ii  in  • 

fNumnzu  Matsu- 
tmoto. 

'<  m 

5  Of,}  am. 

5  (ffOBnm. 

—  — 

~  

<  Hachgo-jimn, 
j  Numazu,  Kofu, 
Kumngfte. 

5  23  niu. 

5  -23  22  am 

Tfni'lii  ifv 

jima, 
(mint, 

\  1  1  1T1  i\.  yii 

A  »  UIXIIIXI  la 

Yokohama, 

tiilfl      \t  *»TT\ 

ITnninmiitKn 

,  W  u  f  mi  Tn  i  if  i  i 

J  Tru.  Kofu. 

1  'Inlritv  ittnn 

'  Kyoto. 

j  Tokyo.  YokoMikn, 
'  Hikone,  Onnkn, 
'  Nngoyn.  Oif  a. 
1 NiiKntit. 

Fuktwbimn,  Mito, 
Yokosnkn,  Fukui. 
Yogi,  Wnknyamn, 
Tokuxhimn,  Okn- 
vynmn. 

,t 

r>  :«i  um. 



Mntrmlijoto. 

YokoHuka. 

Nunmzn. 

r  (7) 

5  37  »m. 

5  37  22  nm. 

Hm-hijo- 

jinm, 
'  Nnfin- 
\b*nru. 

J  Numn/.ii. 
|Tsu. 

i  iokjo,  Mem, 
IKofn,  Nngoyn. 

FukuHhimn,  Mito, 
YokoMikn.  Gifu, 

'  Hikone.  Kyoto, 

(.Oftikn. 

/U') 

5  54  nm. 

Kofu. 

(Yoknhnmn, 
|  Nuiunzu. 

r>  57  17  nm. 

Yokohama. 

1  Yoktwukn, 
1  Numazu. 

•1  (5') 

34  nm. 

Kofu. 

/,  (8') 

7  03}  am. 

7  1)4  05  nm. 

Kofti. 

Numazu. 

am 

7  28  am. 

Kofu. 

j 

8  17  am. 

Kofu. 

k- 

a  23  am. 

Kofu 

i 

9  54  am. 

Kofu. 

Numazu. 

[May  14th] 

m 

1  33  nm. 

f  Hnchijo-jima 
I  Yokohama,  Kofu. 

f  Mataumoto, 

{ Numazu,  Hikone. 

•  Tho  tiruen  of  occurrence  iu  Tokyo  have  been  taken  from  the  BeismognvrcH  furnished 
by  the  horizontal  pendulum  tromometer  of  120  times  mnguifiention. 

**  A  sli'jht  (imtenxBit*)  Ranking  means  an  earthquake  which  iff  insensible,  but  w  recorded 
by  nn  ordinary  Gmy-Milne-Ewing  type  fteismogmpk. 
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The  shock  at  5h  23m  am.  was  felt  strongly  at  Hachijo-jima 
and  within  an  area  of  110  sq.  ri  on  the  Main  Island,  which 
covered  the  major  part  of  Izu  and  a  portion  of  Totomi,  causing 
stoppage  of  pendulum  clocks,  overflow  of  liquids,  etc.  The  area 
of  moderate  motion,  alwut  1,780  sq.  //.extended  over  the  provinces 
of  Mikawa,  Totomi,  Suruga,  Kai,  Sagami,  Awa,  and  Kazusa  ;  the 
total  lan<l  area  within  which  the  motion  was  sensible  or  was  re- 
corded by  the  ( Jray-Milne-Ewing  type  seismographs  being  8,040 
sq.  ri.  At  the  llachijo-jima  itself,  the  second  shock,  which 
followed  14  minutes  later,  was  felt  much  more  strongly  than  the 
lirst.  Again,  of  the  13  earthquakes  tabulated  above,  only  8 
were  sensible  on  the  Main  Island.  The  earthquake  at  5h  37m  am., 
which  was,  according  to  the  seismographic  records  at  the  different 
stations,  of  a  magnitude  practically  equal  to  that  of  the  principal 
shock,  had  a  much  smaller  land  area  of  disturbance  than  the 
latter.  This  was  probably  due  to  the  removal  of  the  origin  of 
the  second  earthquake  further  southwards.  The  areas  of  dis- 
turbance of  these  two  earthquakes  are  indicated  in  PI.  XXXIX. 

8.  Preliminary  tremor  ami  epicentre.  Table  VII  gives 
the  times  of  occurrence  and  the  durations  of  the  preliminary 
tremor  of  the  two  principal  earthquakes,  deduced  from  the  records 
furnished  by  the  Omori  horizontal  pendulum  seismographs  at 
Tokyo,  Osaka,  Mito,  Mt.  Tsukuba,  Nagano,  and  Hachijo-jima, 
whose  multiplication  ratios  varied  from  10  to  300  times.  The 
determination  of  the  moment  of  commencement  of  the  second 
shock  was  rendered  uncertain  by  the  superposition  of  the  vibra- 
tions forming  the  end  portion  of  the  lirst. 
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TABLE  VHI.-TIME  OP  OCCURRENCE  AND  DURATION  OP  PRELIMINARY 
TREMOR  OF  THE  TWO  PRINCIPAL  EARTHQUAKES,  OBSERVED 
WITH  OMORI  HORIZONTAL  PENDULUMS. 


Time  of  \ 

Duration  of 

Instrument. 

Station. 

Occurrence, 
(am.) 

Component. 

Preliminary 
Tremor. 

Proper 
Period. 

Multiplication. 

1st  Earthquake. 

28.0 

10 

34.5 

48.5 

20 

Tokyo. 

1»           in  » 

a  23  22 

EW 

27.4 

4  7 

300 

25.2(?) 

20.5 

120 

24.8(?) 

01.5 

15 

/  NS 

46.7 

30.0 

20 

Osaka. 

5  23  35 

1  EW 

j  NS 

44.8 
42.9 

2;».0 
4.0 

20 
90 

1  EW 

4.0 

90 

31 1.  Tsukulm. 

5  23  41 

in  *t 

■iV.-i 

4.0 

90 

Mito. 

5  22  48 

EW 

45.0 

28.H 

20 

Nagano. 

EW 

39.7 

111  4ft 

13.0 

20 

Mizusawa. 

5  24  20 

Hachijo-jinia. 

5  19  («(?> 

EW 

15.2 

4.5 

150 

2nd  Earthqi 

Tokyo. 

f>  37  00 

NS 
•> 

30.5(?) 
32.3(?) 

2S.0 
48.5 

10 

20 

NS 

40.1 

30.0 

20 

Osaka. 

5  37  00 

EW 
NS 

45.7 
48.0 

25.0 
4.0 

20 
90 

1  EW 

48.5 

|  4.0 

90 

Mito. 

EW 

47.0 

28.8 

2«> 

Nagano. 

EW 

34.0(0 

13.0 

20 

Digitized  by  Google 


182 


F.  Ouiori  : 


The  duration  of  the  preliminary  tremor  at  Tokyo  seems  to 
be  somewhat  shorter  in  the  E\V  component  than  in  the  NS.  As 
a  provisionally  measure  I  have  adopted  the  value  for  the  latter 
component,  which  corresponded  nearly  to  the  longitudinal  wave. 
The  duration  for  Osaka  does  not  much  differ  in  the  two  com- 
jxHients,  which  may  therefore  be  taken  together.  Table  IX  gives 
the  mean  durations  of  tho  preliminary  tremor  at  the  different 
places  obtained  by  averaging  the  results  relating  to  the  two 
earthquakes. 


TABLE  IX  — MEAN  DURATION  OP  THE  PRELIMINARY 
TREMOR  AT  THE  DIFFERENT  PLACES 


Station. 

Duration  of  Prelimiuar}' 
Tremor  =  ;/  (mean  value). 

'Kpiceutral  Distance  ~  x, 
calculated  l»y  E«j.  (3), 
p;ige  H(>. 

Tokyo 

33.7 

km 

23D 

Osaka 

i(U 

32<5 

Mt.  Tsukubu 

40.3 

284 

Mito 

40.0 

323 

Nagano 

39.7 

280 

Hacbijo-jima. 

15.2 

112 

The  epiccntral  distances  (.r)  given  in  the  3rd  column  of  the 
above  bible  have  been  calculated  from  the  duration  (y)  of  the 
preliminary  tremor  by  the  equation  .r'"n=0.8G  y"  +  8.1km.*  Drawing 
on  the  map  (Fig.  4)  the  circles  about  the  0  different  places  as 
centres,  with  tho  radii  proportional  to  the  x  thus  obtained,  the 
points  of  the  mutual  intersection  are  found  to  be  quite  close  to 
one  anothers,  except  those  relating  to  Nagano.  The  approximate 
position  of  the  epicentre  marked  on  the  map  by  a  small  cross 

•  Thin  Number,  i».  HG. 
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(x),  is  at  about  <f =33°  63'  N,  *=138'  55'  E,  nearly  midway  between 
the  island  of  Ilachijo  and  Cape  Omao-zaki  of  Totomi.  (Set*  Fig.  3.) 

9.  Fore-shock*.  The  earthquake  at  5h  23m  am.  was  pre- 
ceded by  r>  minor  precursory  disturbances.  These  furnish  a  very 
interesting  example  of  the  occurrence  of  the  "  fore-shocks "  of 
earthquakes,  and  have  been  discussed  in  another  article.  (This 
Number,  p.  99.) 

10.  After-shocks.    Table  X  gives  the  time  of  occurrence, 
.    the  duration  of  the  preliminary  tremor,  and  the  maximum  range 

(  =  2a)  of  motion  in  the  E\V  direction  for  the  12  after-shocks, 
which  immediately  followed  the  two  principal  earthquakes,  the 
observation  having  l>een  made  at  the  meteorological  observatory 
of  TIachijo-jima  with  an  Omori  horizontal  tremor-recorder  of  150 
times  magnification. 


TABLE  X     AFTER  SHOCKS  OBSERVED  AT  HACHIJO-JIMA 


No. 

Time  of 
Occurrence  at 
Hachijo-jima. 

Total 
Puratiou. 

Duratiou  of 
l*reliminary 
Tremor. 

Max.  2«. 

1' 

ii     »i  « 
5  55  02  am. 

in  « 

10.5 

mm 

0.19 

2' 

5  57  13 

5  15 

10.1 

0.34 

:y 

f»  13  14 

1  30 

15.1 

0.037 

4' 

(I  20  4(5 

5' 

C,  33  44 

0  30 

14.(5 

0.030 

C 

0  30  55 

0  50 

0.027 

7' 

G  55  14 

0  50 

15.3 

0.037 

8' 

7  03  55 

2  on 

10.3 

0.090 

9' 

7  23  00 

1  10 

15.9 

0.030 

10' 

7  28  30 

0  50 

1(5.4 

0.020 

11' 

7  49  00 

1  40 

14.(5 

0.020 

12' 

8  00  40 

0  30 

0.01(5 
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Except  the  first  two,  all  these  shocks  were  very  small.  The 
duration  of  the  preliminary  tremor  for  the  different  eases  varied 
lwtween  14.0  and  1G.5  see.,  giving  the  average  value  of  15.0  sec., 
which  corresponds  to  an  epicentral  distance  of  about  107  km  from 
ITachijo-jima,  probably  to  the  NW  of  the  latter.  The  successive 
time  intervals  between  the  12  after-shocks  wfcro  as  follows  : — 

2-11- 


10  01    (♦) 

7  32 

12  58    (♦) 

3  11 

18  19    (•) 

8  41 

10  or,    (♦) 

r>  so 

20  30    (») 

11  40 


It  will  be  observed  that  every  alternate  intervals,  marked  by 
axtcrisks,  varied  from  about  13  to  about  10  minutes  and  were 
much  longer  than  the  intermediate  ones. 

The  two  principle  earthquakes  on  the  13th  were  followed,  in 
accordance  with  the  characteristic  of  the  disturbances  along  the 
Fuji  volcanic  chain  (§  4),  by  the  two  following  shocks  which 
originated  along  the  north  eastern  coast  of  the  Main  Island  : — 

|  May  14th:  10.57  am  Origiu,  central  part  of  Hitachi. 

|    „     lf»th:  10.40  am   ,  S.  part  of  Riknz^n. 

There  was  no  shock  of  the  land  area  of  disturbance  greater  than 
1.000  s<|.  /•/  for  the?  8  days  after  the  2nd  of  the  al>ove  earthquakes, 
and  for  0  days  14  hours  preceding  the  1st  shock  on  the  13th. 
(See  Table  III.) 
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Fig.  1.    Map  of  the  Islands  of  the  Fnji  Volcanic  Chain. 
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The  After-shocks  of  the  Zenkoji  (1847)  and 
the  Tenpo  (1830)  Earthquakes. 

By 

F.  OMORI,  Sc.  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

With  Pis.  XL  and  ZU. 


CONTENTS. 

§  1.  Introduction. 

§  2.    After-shoelot  <>f  Zenkoji  Earthquake. 

§  3.   Frequency  of  after-shockM  of  Zenkoji  Enrthqnake  eomivire<l 

with  that  of  Mino-Ovrari  Earthquake. 
§  4.   After-ahoeka  of  Tenpo  Earthquake  of  1R30. 
$  5.   Comparison  between  the  ufter-Hhock  frequencies  of  Tenpo  an<l 

Mino-Owari  Enrthqimke*. 
§  fi.  Condition. 

1.  Introduction.  Tho  present  note  gives  an  account  of  the 
frequency  of  the  after-shocks  of  the  two  great  Japan  earthquakes 
of  Zenkoji  and  Tenpo,  based  on  the  old  records  given  in  the 
Dai- Nippon  Jiahin  Shiryo  ("  Material  for  the  Earthquake  History 
of  Japan,"  No.  4G  of  the  Report  [Japanese]  of  the  Imperial  Earth- 
quake Investigation  Committee,  2  Vols.) 

2.  After-shocks  of  the  Zenkoji  earthquake*  The  daily 
number  of  the  after-shocks  of  the  great  Zenkoji  earthquake  of 
May  S,  1H47,  recorded  at  Mutsushiro  by  an  official  in  the  son-ice 
of  tho  feudal  lord  of  that  place  are  given  in  Tables  I  and  II,  re- 
spectively for  the  first  31  days  and  for  an  interval  of  the  42  days 
between  Nov.  20,  IS  17  and  Jan.  9,  1848.  There  were  also  many 
jinari,  their  numbers  not  being  included  in  the  figures  of  Table  I. 
The  city  of  Matsushiro  is  about  10  km  to  the  south  of  the  middle 
point  of  the  epifocal  zone. 

*  A  short  ammnt  of  the  Zenkoji  earthqunke  has  been  given  in  p.p.  130-143.  of  this  Xnmlwr. 
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TABLE  I — DAILY  NUMBERS  OP  TEE  AFTER  SHOCKS  OF  THE  ZENKOJI 
EARTHQUAKE  OF  MAY  8,  1847.        MAY  8-JUNE  7,  1847.  MATSUSHIRO. 


Number  of 
Itorthquakes. 

i'iiW. 

Number  of 
Earthquakes. 

May  o 

31 

May  24 

1() 

r\ 
:f 

d9 

25 

11 

11) 

y<> 

2(» 

2;> 

1 1 

II 

SO 

2/ 

7 

12 

S2 

2S 

10 

SO 

29 

12 

u 

52 

30 

17 

15 

:to 

31 

3 

10 

57 

Juno  1 

13 

17 

2 

20 

is 

29 

3 

5 

19 

20 

4 

S 

20 

37 

5 

14 

21 

10 

0 

13 

22 

31 

7 

7 

23 

21 

Sum. 

930 

TABLE  II. -DAILY  NUMBERS  OF  THE  AFTER-SHOCKS  OF  THE  ZENKOJI 

OF  MAY  8.  1847.  NOV.  29,  1847-JAN.  9,  1848. 


Date. 


Earthquakes. 


Strong. 


1847 

Nov.  29 
30 


Deo. 


1 

o 

3 
4 
5 


Moderate. 


Small 


Jhviri.    !  Total  Numlier. 


2 

1 

3 

t 

5 

3 

I  1 

2 

.... 

1 


4 
1 

3 
9 
7 
4 
2 
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TABLE  II.    ( (hut. ) 


Date. 

Earthquakes. 

V  •  * 

Juutri. 

Total  Number. 

Strom? 

Moderate. 

Small. 

1847 

IXiC.  U 

— 

2 

— 

2 

3 

7 

1 

— 

2 

o 

2 

1 

6 

1 1 

1 

1 

2 

in 

2 

-- 

2 

1 1 
11 

— 

1 

— 

1 

12 

1 

1 

2 

-  - 

2 

2 

1  i 
14 

1 

1 

1 

o 

-J 

5 

— 

1 

— 

1 

2 

14 

1 

1 

5 

IK 

— 

1 

— 

1 

19 

— 

2 

1 

•jo 

— 

— 

— 

21 
"J 1 

— 

— 



4) 

<; 

1 

11 

JO 

l 

4 

l 

— 

1 

•>;"i 

l 

— 

1 

Oi' 

 . 

l 

1 

«I7 
J  / 

4 . 

4 

29 



— 

— - 

:J0 

i 

1 

:ji 

2 

5 

2 

9 

1848 

Jan.  1 

2 

1 

:j 

2 

1 

1 

2 

4 

1 

2 

:\ 

5 

1 

4 

r» 

(Frvquimt) 

10 

(i 

1 

a 

4 

7 

1 

l 

o 

s 

:i 

i» 

2 

10 

9 

1 

1 

Sum. 

12 

67 

39 

16 

134 
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TABLE  III  MONTHLY  NUMBERS  OF  THE  SENSIBLE  EARTHQUAKES 
RECORDED  AT  THE  METEOROLOGICAL  OBSERVATORY  OP  NAGANO. 

1889—1907. 


\vMonth. 

I 

11 

1 

III 

i 

1 

IV 

V 

VI  i 

VII 

VIII 

1\ 

X 

XI 

XII 

1«HU 

() 

1 

1  j 

1  ! 

0 



1 

(t 

0 

0 

U 

1 

0 

o 

4 

IKK) 

2 

0 

0 

1 

0 

1 

0 

It 

« 

1) 

0 

0 

1 

IrtSIl 

0 

0 

0 

0 

1 

0 

1 

0 

(t 

2 

1 

2 

7 

IWi 

1 

1 

0 

0 

0 

0 

0 

It 

it 

0 

1 

a 

<i 

1HU3 

(1 

1 

1 

0 

0 

0 

0 

1) 

0 

0 

2 

0 

4 

1WI4 

0 

1) 

o 

0 

0 

It 

0 

1) 

11 

1 

11 

1) 

1 

18415 

0 

0 

1 

0 

1) 

0 

1) 

0 

(1 

II 

1) 

a 

1KJ6 

9 

2 

1 

1 

0 

1 

2 

2 

1 

0 

0 

0 

12 

1WJ7 

1 

2 

0 

5 

5 

2 

1 

I 

« 

2 

1 

•n 

1BD8 

0 

0 

4 

0 

I 

1 

1 

1 

0 

10 

2 

1 

21 

18U9 

1 

0 

4 

a 

1 

It 

1 

0 

it 

0 

2 

(1 

12 

UHHI 

1 

0 

3 

i 

1 

0 

1 

1 

n 

: 

0 

H 

11MI1 

1 

1) 

0 

it 

It 

1 

2 

2 

•> 

a 

12 

UAtf 

■  2 

0 

0 

ii 

1 

1 

«  II 

II 

it 

It 

u 

4 

rjoa 

1 

1 

1 

i) 

1) 

0 

2 

2 

0 

It 

it 

7 

1J04 

0 

It 

•2 

it 

1 

1 

0 

0 

0 

1 

1 

3 

l> 

1 

1 

1 

l 

1 

2 

C» 

i 

2 

0 

:t 

1 

it 

l'J 

1 

'2 

1  8 

j 

2 

'  2 

3 

1 

2 

1 

0 

2 

22 

15X17 

I) 

1 

|  1 

5 

1 

4 

2 

2 

I) 

2 

1 

2 

21 

The  numbers  of  the  after-shocks  of  the  Zenkoji  earthquake  for 
the  first  G  intervals  of  5-days  each  commencing  with  Mny  t>,  the  day 
after  the  great  catastrophe,  were,  according  to  Table  I,  as  follows:— 
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X 

5-day  Interval. 
(1847) 

Observed  Numlier 
of  After-shocks 

=.'/ 

Calculated  Number 
of  After-shocks. 

0 

May    9— May  13 

373 

138 

1 

„     14—  „  18 

220 

177 

2 

10-  „  23 

125 

111 

3 

„    24-  „  28 

00 

81 

4 

„    29  -June  2 

05 

03 

r> 

Juno  3—  „  7 

47 

52 

Denoting  the  5-day  interval  and  its  corresponding  after-shock 
frequency  respectively  by  x  and  yt  and  calculating  the  constants 
of  my  equation  for  the  frequency  of  after-shocks,  we  obtain  from 
the  foregoing  table  the  following  formula  :  — 

200.4 


■il) 


r  4-0.075 

The  values  of  //  calculated  by  this  equation  for  the  different  .i'*s, 
given  in  the  last  columun  of  the  above  table,  may  be  regarded 
on  the  whole  to  be  approximately  equal  to  the  actual  after-shock 
frequencies. 

Calculating  by  means  of  Equation  (I)  the  seismic  frequency 
305 

for  x  =  — —=73,  we  find  :  —  y—i.{).  Hence,  (b/=24  gives  the  pro- 
bable number  of  the  after-shocks  during  the  one  month  exactly 
one  year  after  the  initial  great  earthquake,  namely,  during  the 
30  days  between  April  27  and  May  20,  1848.  The  actual  number 
of  the  shock  during  this  interval  was  27. 

Again,  calculating  as  a  trial  the  seismic  frequency  for  .r=">0 
years,  we  find  : — 

//= 0.081;    -i^-x//  =  5.9. 
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Thus,  according  to  Equation  (1),  the  annual  frequency  (of  the 
after-shocks  only)  at  Matsushiro  50  years  after  the  Zenkoji  earth- 
quake, should  be  approximately  0  ;  indicating  a  possibility  of  the 
continuance  of  after-shocks  of  a  violent  and  great  catastrophe  for 
over  half  a  century.  For  the  sake  of  reference,  I  give  in  Table 
III  the  yearly  numbers  of  the  sensible  earthquakes  recorded  at 
the  meteorological  observatory  of  Nagano  (Zenkoji)  during  the 
19  years  l>ct\vcen  1889  and  1 007.  The  mean  of  the  two  last 
named  years  is  189S,  which  is  51  years  after  the  date  of  the 
earthquake  in  question,  and  the  average  annual  seismic  frequency 
during  the  10  years  was  10.(5,  which  is  equivalent  to  the  sum  of 
the  yearly  number  of  the  ordinary  earthquakes  and  that  of  the 
after-shocks,  if  any. 

3.  Frequency  of  after-shocks  of  the  Zenkoji  earthquake 
eomitared  with  t/iat  of  the  Mino-Owarl  earthquake.  The 

after-shocks  of  the  Zenkoji  earthquake  were  more  numerous  than 
those  of  the  Ansei  earthquake  of  Dec.  24,  1854,  recorded  in  Tosa, 
and  of  the  Nemuro-Kushiro  (Hokkaido)  earthquake  of  March  22, 
1894,  recorded  at  Nemuro. 

The  following  table  gives  the  daily  number  of  the  after-shocks 
of  the  Mino-Owari  earthquake  for  the  30  days  between  Nov.  3 
and  Dec.  2,  1891,  recorded  instrumental! y  at  the  meteorological 
observatory  of  Gifu.  (The  after-shocks  of  the  Mino-Owari  earth- 
quake have  been  discussed  in  detail  in  the  Jour.  Sc.  Coll.,  Tokyo 
Imp.  Univ.,  Vol.  VII,  and  the  Publications  of  the  Earthquake  Inv. 
Comm.,  No.  7.) 
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TABLE  IV.-APTER  8HOCKS  OP  THE  MINO-OWARI  EARTHQUAKE  OP 
OCT.  2B.  1891.    OBSERVED  AT  THE  METEOROLOGICAL 
OBSERVATORY  OP  GIFU.    NOV.  3  -DEC.  2,  1891. 


Date. 

Daily  Nutnlior 

Date. 

Daily  Nninbrn- 

oi  j'j<]k.es. 

Nov.  3 

81 

Nov.  19 

17 

4 

78 

20 

33 

n 

21 

21 

o 

07 

22 

12 

7 

4.r, 

23 

2:1 

8 

42 

24 

18 

9 

44 

25 

9 

10 

40 

20 

15 

11 

:s8 

27 

11 

12 

40 

28 

10 

13 

35 

29 

19 

14 

29 

'AO 

14 

15 

29 

D<x\  1 

7 

10 

28 

2 

10 

17 

21 

18 

18 

 919 

Tlio  variation  with  time  of  the  after-shock  frequency  at  (lifu 
•luring  the  30  days,  beginning  with  the  fitli  day  after  the  initial 
disturhmce,  is  graphically  shown  in  Fig.  2.  It  will  be  observed 
that  the  moan  curve  resembles  in  general  that  in  Fig.  1,  which 
indicates  the  similar  relation  for  Matsushiro  with  respwt  to  the 
Zenkoji  earthquake,  during  the  30  days  beginning  with  the  2nd 
day  after  the  latter.  Further  the  total  numbers  of  the  after-shocks 
of  these  two  great  earthquakes  during  the  respective  30  days 
intervals  were  nearly  alike,  namely,  919  and  about  900. 

The  following  is  a  comparison  of  the  after-slux-k  frequencies 
of  the  two  earthquakes  under  cosideration  during  the  30  days, 
respectively  (i)  7  months  and  (ii)  1  year  after  their  occurrence  :  -  - 
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Zenkoji  Eijke. 

Mino-Owari  Eqke. 

30  days  Interval. 

Number  of 
After-shocks. 

30  days  Interval. 

Numlxsr  of 
After-shocks. 

(i)  Dev.  1-30,  1847. 

..  (April  27-Muy 
1848. 

|73  shocks. 
(12  sounds. 

(27  shocks. 

|  numerous  sounds. 

d)| 

(«) 

May  28-Jnne 
2(1/1892. 

[Oct.  28 -Nov. 
27,  1892. 

123  shocks. 
(11  sounds. 

f 46  shocks. 
|  8  sounds. 

Hereby  it  is  to  be  noticed  that  the  record  of  the  Mino-Owari  after- 
shocks, which  was  made  instrumentallv  at  the  meteorological 
observatory  of  (lifn,  includes  a  number  of  insensible  shakings  and 
may  be  taken  to  be  much  more  accurate  than  that  of  the  old 
Zenkoji  shocks,  which  was  carried  on  without  instrumental  aid. 

From  what  lias  been  said  above  it  seems  that  the  number 
of  after-shocks  of  the  Zenkoji  earthquake  of  1847  was  not  less 
than  that  of  the  Mino-Owari  earthquake  of  1891. 

4.  Aftershocks  of  the  Tetijto  earthquake  of  1830.  The 
earthquake  of  the  1st  year  of  Tenpo  (1830),  on  Aug.  19,  which 
caused  considerable  damage  in  the  city  of  Kyoto  and  the  vicinity, 
was  followed  by  numerous  after-shocks  whose  daily  numbers  at 
Kyoto  are  given  in  Table  V  ;  their  total  number  in  the  interval 
of  fi  months  up  to  Feb.  28,  1831,  being  1581.  Tho  numbers  of 
the  after-shocks  during  the  successive  intervals  of  30  days, 
denoted  by  .r=0,  1,  2,  3,  1,  and  "i  respectively,  were  as  follows  :— 


X 

30  days  Interval. 

Number  of  the  »ft«T- 

shix'kK  fu'tunlly 
rrcnU-d  nt  Kyoto  y. 

Number  of  the  after- 
nhockn  mlculnteil 
by  Fruition  Vi). 

0 

Aug.  20.  1830  Sept.  18,  1830. 

302 

3O0 

1 

Sept.  19,    ,.    -Oct,    18,  „ 

111 

131 

>> 

Oct.    19,    „    -Nov.   17,  „ 

90 

8<> 

3 

Nov.  18,    „    -Dec.   17,  ,. 

r»7 

<J3 

4 

Dec.   18,    „    -Jan.    10,  1831. 

71 

50 

r> 

Jan.  17,  1831  -Feb.   M.  „ 

33 

41 

Digitized  by  Google 


The  Aftor-Hlxvlw  of  tho  Zonkoji  (1817)  mul  Tcnpo  (1K10)  Enrihqnafc**. 


Tlie  relation  between  tlio  time  x  and  the  conesponding 
seismio  frequency  //,  illustrated  graphically  in  Fig.  3,  is  found  to 
be  as  follows 

_  237.9 
U~  ;r-f  0.777 

The  figures  in  the  last  column  of  the  preceding  table  have  been 
calculated  by  Equation  (2).  As  a  trial,  putting  ..-=00x  12  =  720 
(or  approximately  00  years),  we  find  //= 0.3,3.  Hence,  12//—  1  is 
the  approximate  calculated  value  of  the  annual  seismic  frequency 
in  Kyoto,  about  00  years  after  the  earthquake  in  question, 
provided  its  after-shocks  bo  supposed  to  have  been  continued  for 
so  long  a  time  interval.  Now,  the  value  of  x  considered  above 
corresi>onds  to  the  year  1800,  and  the  average  annual  number  of 
earthquakes  recorded  at  the  Kyoto  meteorological  observatory 
during  the  11  vcars  between  188f>  and  1805,  was,  as  shown  in 
the  following  list,  approximately  agreeing  fairly  well  with  the 
result  deduced  from  Equation  (2). 


YEARLY  NUMBER  OF  EARTHQUAKES  IN  KYOTO.  1885-1895 


Year. 

Number  of 
Earthquakes. 

Year. 

• 

Numbor  of 
Earthquakes. 

1885 

5 

1891 

102* 

1880 

2 

1892 

25* 

1887 

fi 

1893 

5 

1888 

5 

1894 

6 

1889 

2 

1895 

14 

1890 

2 

Mean. 

5 

*  T1m>  nnmliers  for  1K9I  nml  1R!>2  have  hocn  omiltwl  in  Inking  the  nwin,  n*  the  mnjority 
of  the  <Untnrimnof>s  in  them-  two  yonrt)  ww  tlw>  nft<r-nliorliH  of  the  Mino-Ownri  eftrthqiwlic  of 
Oct.  2S, 
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TABLE  V.    DAILY  NUMBERS  OF  THE  AFTER-SHOCKS 
OF  THE  KYOTO  EARTHQUAKE  OF  AUG.  19.  1830. 
KYOTO.    AUO.  20,  1830- FEB.  28,  1831. 


Year. 

1830 

1831 

Month 

vra 

IX 

X 

XI 

XII 

I 

II 

1 

13 

1 

2 

3 

3 

2 

2 

11 

1 

fi 

9 

0 

2 

3 

12 

2 

4 

3 

4 

2 

4 

11 

1 

1 

I 

4 

1 

5 

1 

"t 

i 
i 

1 
1 

o 

A 

o 

« 

2 

3 

2 

1 

2 

0 

7 

5 

3 

2 

1 

1 

1 

8 

(5 

4 

1 

3 

2 

1 

9 

fi 

9 

2 

3 

2 

3 

10 

5 

3 

fi 

1 

:i 

1 

11 

5 

3 

0 

2 

4 

2 

12 

C 

4 

7 

2 

2 

1 

13 

C 

4 

4 

2 

1 

0 

14 

12 

3 

5 

1 

2 

3 

15 

7 

4 

5 

1 

3 

3 

IB 

9 

4 

1 

1 

1 

2 

17 

3 

1 

2 

2 

1 

3 

1ft 

9 

3 

3 

2 

0 

2 

19 

(Great 
Eqke.) 

9 

3 

2 

4 

0 

3 

20 

20 

1 

2 

0 

2 

0 

2 

21 

2(1 

11 

1 

1 

2 

0 

2 

22 

20 

1 

3 

1 

3 

0 

3 

39 

20 

1 

4 

2 

:t 

1 

0 

34 

12 

2 

2 

•1 

2 

0 

0 

25 

19 

3 

3 

3 

1 

0 

0 

as 

13 

9 

5 

3 

2 

1 

0 

27 

13 

0 

3 

2 

2 

0 

0 

28 

13 

C 

5 

2 

0 

0 

0 

29 

13 

1 

3 

2 

3 

2 

90 

19 

4 

1 

«» 

2 

2 

:u 

12 

1 

2 

2 
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5.  Comparison  between  the  after-shock  frequencies  of  the 
Tt'mto  and  Mino-Owari  earthquakes.  The  following  tablo  gives 
the  number  of  after-shocks  during  the  successive  30  days  intervals 
for  the  Tenpo  and  Mino-Owari  earthquakes,  beginning  respectively 
with  the  2nd  and  the  42nd  days  after  the  initial  disturbances. 


Tenpo  E<iko  of  1830  (Kyoto). 

Mino-Owari  Eqke  of  1891  (Gifu). 

30  days  Interval. 

Number  of 
After-shocks. 

30  days  Iutcrvnl. 

Number  of 
After-shocks. 

i  Commencing  with  the  2nd 
thiy  after  the  Earthquake) 

(Cmnmencing  with  the  l'2nd 
day  after  the  Enrthquako) 

302 

Dec    8,  1891-Tan.     6.  18^2 

294 

1 

111 

Jan.     7,  ISD'2-Feb.     5,  „ 

110 

2 

90 

Feb.    0,    ,.    -March  G,  „ 

72 

3 

37 

March  7,    „    -April   5,  „ 

62 

4 

71 

April   0,    „    -May    5,  „ 

73 

3 

33 

May    <>,    ,.    —Tune    4,  ,. 

37 

The  numbers  of  the 

Mino-Owari 

if ter- shocks,  which  a 

re  the  nam- 

hers  of  the  earthquakes  instrumental!}"  observed  at  Gifu  and  do 
not  include  the  cases  of  the  jiiutri,  or  mere  sounds,  will  thus  be 
seen  to  be  very  nearly  equal,  on  the  whole,  to  the  corresponding 
ligures  for  the  Tenpo  earthquake.  That  is  to  say,  the  monthly 
after-shock  frequency  during  the  earlier  epoch  of  the  latter  earth- 
quake was  practically  identical  with  that  of  tho  former,  with  a 
time  retardation  of  40  days.    (See  Figs.  3  and  4.) 

6.  Conclusion.  The  foregoing  §§  seem  to  indicate  that  tho 
after-shocks  of  great  earthquakes  are  governed  by  time  relations 
which  are  more  or  less  alike  in  the  different  cases.  The  three  dis- 
turbances of  Zenkoji,  Tenpo,  and  Mino-Owari,  all  originated  along 
great  earthquake  zones,  the  similarity  of  the  causes  probably  tend- 
ing also  to  the  similarity  of  the  phenomena  of  after-shocks. 
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Note  on  the  Seismic  Stability  of  the  Piers  of  the 
,  Naisha-gawa  Railway  Bridge,  Formosa. 

By 

V.  OMOKI,  Sc.D., 

Member  of  the  Iinpcriul  Earthquake  Investigation  Committee. 

With  Pis.  XLII  &  XUII. 

In  connection  with  the  seismic  experiments  on  the  fracturing 
and  overturning  of  columns,  described  in  the  "  Publications  of  the 
Earthquake  Investigation  Committee,"  No.  1,  1  have  used  for  the 
fracturing  the  formula 


in  which  the  different  symbols  have  the  following  significations  : 

a  =  Acceleration  of  the  earthquake  motion  necessary  for  fracturing 
a  given  column,  supposed  to  be  uniform  in  section  or  else  to 
have  a  vertical  axis  or  plane  of  symmetry. 

;/  =  Acceleration  due  to  the  gravity  =  9,800  mm/see'. 

F  =  Tensile  strength  of  the  column  at  tlio  section  of  fracture. 

r„=  Half  width  of  the  section  of  fracture  in  direction  pu-allel  to 
the  earthquake  motion. 

/  —  Height  of  the  centre  of  gravity  of  the  portion  above  the  section 
of  fracture. 

;/'=  Weight  of  the  fractured  i>ortion  of  the  column. 

In  the  practical  application  of  the  above  formula  to  the  calculation 
of  the  strength  of  bridge  piers,  chimneys,  walls,  etc.,  there  is 
always  a  great  uncertainty  respecting  the  value  of  the  tensile 
strength  F\  it  being  impossible  thai  each  of  such  masonry  struc- 
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turos  should  have  u  perfect  homogeneity  of  strength  of  material. 
A  column  is  therefore  broken  by  the  earthquake  shock  at  the 
weakest  place  near  the  theoretical  section  of  fracture.  Again,  a 
brick  structure  of  large  dimensions  requires  a  certain  length  of 
time  for  the  hardening  of  the  mortar  joints,  such  that  the  latter 
would  be  a  good  deal  compressed  before  their  conversion  into 
perfectly  solid  elastic  bodies.  From  this  latter  circumstance  it 
seems  that,  at  the  mortar  joints,  where  the  brick  work  is  almost 
invariably  broken,  tension  will  tend  to  set  in  immediately  with 
the  bending  of  the  column.  From  these  considerations,  I  have 
in  my  former  paj>ers  simply  taken  the  tensile  strength  of  the 
brick  work  into  consideration.  For  certain  masonry  structures, 
however,  we  may  more  logically  take  the  quantity  F  in  the  above 
equation  as  denoting  the  tensile  strongth  of  the  material  increased 
by  the  weight  per  unit  area  of  the  section  of  fracture  of  the 
mass  above  the  latter ;  it  being  absolutely  necessary  for  the 
practical  applications  of  the  results  that  the  strength  of  the  material 
should  not  be  over-estimated.  Let  us  now  consider,  as  an  example, 
the  seismic  stability  of  the  tall  piers  of  the  Naishu-f/awa  bridge 
in  Formosa. 

The  single  track  Xaisha-j/rtua  bridge  on  the  Formosa  main 
railway  line,  consists  of  nine  (50'  plate  girders  supported  by  two 
abutments  and  eight  piers  of  masonry  (Fig.  :>),  with  embedded 
iron  frame.  As  the  ground  is  of  a  soft  rocky  formation,  there 
is  no  well  sinking,  the  heights  of  the  piers,  including  the  thickness 
of  the  foundation,  being  as  follows  :  — 


Northern,  or  Tnihoku-eud,  Abutment. 

No.  1  Tier   

No.  2  ,,   

No.  „   


.27'  0" 
.70  7 
.92 

in  r, 
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No.  i  Tier   Ill'  5" 

No.  5    „   114  :$ 

No.  I>    „   110  :j 

No.  7    ,  10">  (1.5 

No.  8    ,  105  0.5 

Southern,  or  Taichu-ond,  Abatinout   46  9 


Tims  the  six  piers  Xos.  3  to  8  arc  each  taller  than  10")',  the 
construction  in  masonry  of  those  high  piers  having  been  neces- 
sitated by  the  jicculiar  conditions  of  climate  in  Formosa,  which 
cause  iron  spikes,  bolts,  etc.  to  rust  quickly,  and  which  render 
the  maintenance  in  proper  manner  of  high  trestle  works  of  iron 
extremely  difficult. 

Weakest  section.  In  considering  the  seismic  stability  of  the 
high  piers  of  the  Naisha-//t//r«  bridge,  we  must  first  determine 
the  approximate  position  of  the  weakest  section,  or  the  height 
where;  these  structures  are  likely  to  bo  broken  in  case  of  a  violent 
earthquake.  If  each  of  these  piers  l>e  regarded  as  a  "  tall  column," 
it  would  behave  as  a  high  brick  chimney  and  be  broken  by  the 
earthquake  shock  at  about  two-thirds  of  its  height.  If  the  column 
l>e,  on  the  other  hand,  regarded  as  a  44  short  column,"  then  it 
would  be  weakest  at,  or  near,  the  base.  Thus  it  is  first  necessary 
to  determine  the  length  of  the  vibration  period,  which  is  proper 
to  each  of  the  columns  and  on  which  depends  the  classification 
of  the  latter  with  respect  to  the  height  of  tho  section  of  fracture. 
The  period,  whose  exact  value  can  only  be  found  from  an  actual 
measurement,  may  be  estimated,  so  far  as  the  order  of  magnitude 
is  concerned,  from  a  comparison  with  other  bridge  piers  whose 
vibrations  have  been  investigated.  Thus  for  instance,  the  tallest 
of  the  piers  of  the  single  track  Kmi-gmca  bridge  of  Kwansai 
Railway,  has  a  height  of  GO'  and  supports  the  ends  of  a  200' 
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Pratt  truss  and  a  100'  Warren  girder.  This  pier  stands  directly 
on  native  rocks,  and  therefore  its  motion  may  be  regarded  as  that 
due  to  its  whole  height;  the  periods  of  the  transverse  and  lon- 
gitudinal vibrations  being  respectively  between  0.30  and  0.15  sec, 
and  between  0.31  and  0.14  sec.0  As  now  the  bed  of  the  Formosa 
river  in  question  is  rocky  in  nature,  and  not  muddy,  the  piers  of 
the  Naisha-r/awa  bridge  are  to  be  regarded  as  vibrating  approxi- 
mately with  their  bases  as  centres ;  the  period  being,  when  in- 
ferred from  the  case  of  the  Kmi-gmrn  bridge,  probably  0.5  see. 
or  so.,  that  is  to  say,  much  shorter  than  the  period  of  the  large 
destmctive  earthquake  motion.  From  these  considerations  we  may 
conclude  that  each  of  the  high  piers  of  the  Xaisha-^awa  bridge 
would  behave  on  the  occasion  of  a  destructive  earthquake,  not  as 
a  tall  brick  chimney,  but  is  to  be  regarded  as  a  "  short  column," 
and  is  weakest  at  the  base. 

Stability  of  the  piers.  Let  us  consider  the  stability  against 
the  earthquake  motion  of  the  two  tallest  piers,  Xos.  3  and  4,  of 
the  Naisha-</mra  bridge.  As  shown  in  Fig.  4,  each  of  these  two 
piers,  rectangular  in  section,  is  114'  5"  in  height,  and  is  10' xO' 
at  the  top,  and  22'  ll"x20'  0"  at  the  base  or  the  ground  level; 
there  being  at  the  foot  on  the  up-stream  side  a  buttress  19'  3J" 
in  height.  The  foundation,  constructed  to  suit  the  nature  of  the 
ground,  is  14'  5"  in  thickness.  Further,  the  metal  frame  embed- 
ded in  each  of  the  piers  consists  of  8  iron  rods,  1  J"  in  diameter, 
reaching  from  a  few  feet  below  the  top  down  to  the  middle  of 
the  foundation,  joined  by  horizontal  iron  bars  forming  a  rectangle 
at  every  10'  distance  of  the  vertical. 

Now  a  body  of  the  dimensions  like  those  of  the  pier  under 
consideration  can  never  be  overturned  as  a  whole,  even  when  the 

*  See  the  ••  Pultlimtiona  of  the  Cartlnpuiko  1  n vest ignt ion  Committer,"  Xo.  VI. 
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structure  simply  rests  on,  and  not  fixed  to,  the  ground  *  JTence, 
the  question  of  the  seismic  stability  of  the  pier  reduces  itself  to 
that  of  tho  fracture,  which  is,  when  the  earthquake  is  sufficiently 
violent,  most  likely  to  take  place  at  or  near  the  base,  as  before 
explained. 

(i)  Let  us  first  calculate  the  strength  of  the  pier  at  its  base, 
or  the  section  B,  supposing  the  direction  of  the  shock  to  be 
parallel  to  the  length  of  the  bridge.    (See  Figs.  1  and  4.) 


Fig.  l. 

(Section  H) 


Fig.  2. 
(Sedi..n  .1) 


! 

*  — 


20'  9" 


1. 

4 


The  values  of  tho  different  factors  in  the  fracture-formula  for  tho 
section  H  are  as  follows**: — 

/  —  Moment  of  the  area  of  fractnrn  about  its  middle  axis 

=-351,300,000  (unit  in  inches). 

Weight  of  Tier  alwvo  Fonndatiou  (=7  1524.8  tons) 
W=  J  »  Weight  of  Oinler  and  Track  system  (  =  21.1  tons) 

=  Total  Sum  =  1545.9  tons  =  3,403,000  ll,s. 
/  —  Height  of  Centre  of  Gravity  of  the  whole  structure  alwvo 

Foundation  ^  38'  9"  =  4(55". 
x  -  120". 

For  the  tensile  strength  of  the  brick  work,  let  us  adopt  a  value 


•  TIm!  "  PuMiaitionH,"  No.  12. 

**  The  <>vu)iuition  of  tho  quantities  I,  II'.  and  /  for  tho  two  xortionR  .1  nn«l  71  hnvc 
mmli'  hy  Mr.  Innpiki  of  tLo  Itnilwny  IVonrtmmit  of  tli<>  Formosa  Unvrrnmcnt  Oencml. 
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of  50  lbs  per  sq.  in.,  which  is  a  little  smaller  than  that  obtained 
from  the  test  pieces  of  the  masonry  of  the  Kisow/rt/m  railway 
bridge  destroyed  by  the  great  Mino-Owari  earthquake  of  1891.* 
The  strength  of  the  iron  rods,  supposed  to  l>e  uniformly  distributed 
over  the  section  under  consideration,  is  equivalent  to  the  reinforcing 
the  masonry  by  10.5  lbs  per  sq.  in.  of  the  area,  assuming  the 
ultimate  strength  of  the  iron  rods  to  be  00,000  lbs  per  sq.  in.  Again, 
supposing  the  total  weight  of  the  pier  and  the  girder  and  track 
system  (  =  H,r)  to  be  uniformly  distributed  over  the  base  plane  2?, 
we  obtain  a  pressure  of  43.0  lbs.  per  sq.  in.  of  the  sectional  area. 
Taking  together  the  strength  of  the  masonry,  that  of  the  iron 
rods,  and  the  compression  1  effect,  the  effective  tensile  strength 
of  the  column  will  be 

/'  =  50  j  10.5  +  43.0  lbs  =  103.5  lbs. 
The  seismic  stability  of  the  pier  then  becomes 

9800x351,300,000x103.5  . 
=  "ia0x45flx  3,463,000-  =  l*U  mm^' ' 

(ii)  Let  us  next  take  the  section  A,  whose  height  corresponds 
to  the  top  of  the  buttress.  (Figs.  2  and  4.)    We  have : — 

/  =  108,502,500  (nnit  in  inches) 

(Weight  of  Pier  above  Section  A  (=902.1  tons) 
U'=  i  -(-Weight  of  Girder  and  Track  system  (  =  21.1  tons) 

I  = Total  Snm  =  923.2  tons  =  2,008,000  llw. 
/  =  Height  of  Centre  of  Gravity  of  the  structure  alove  Section  A 

=  29'  10"  =  358". 
r„=  Ax  10'  9"  =  I00"i. 

The  effect  on  the  strength  of  the  brick  work  of  the  iron  rods  is 
equivalent  in  this  case  to  an  increase  of  10.9  lbs  per  sq.  in.  of 

•  Tho  "  ruHirationK."  No.  4. 
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the  sectional  area  ;  while  the  pressure  of  the  mass  above  the 
piano  of  fracture  is  41.3  lbs  per  sq.  in.  of  it.  The  effective  tensile 
strength  is  F='>(H  10.9  +  41.3  =  108.2  lbs  per  sq.  in.  Hence  the 
seismic  stability  of  the  pier  at  the  section  A  is 

9800  x  1(18,502,500  x  108.2 


«i  = 


2,008,000  x  358  x  1(10.5      "  2404  mm'W' 


Thus  «*  is  greater  than  «i  in  the  ratio  of  about  4  :  3,  and  the 
pier,  which  is  strengthened  by  a  buttress,  is  still  weakest  at  the 
base,  its  seismic  stability  being  «,=  1844  mm/see*.  As  this  is 
nearly  espial  to  the  intensity  of  motion  in  the  destructive  earth- 
quakes likely  to  disturbo  the  western  part  of  Formosa,  the  pier 
in  question  may  lie  considered,  when  the  work  is  properly  executed, 
to  be  fairly  good  from  the  seismologieal  }>oint  of  view. 
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Example  of  a  Simple  Brick  Structure 
damaged  by  Earthquake. 

F.  0M0K1,  Sc.  D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

As  an  example  of  a  very  simple  brick  building,  whose  seismic 
stability  can  roughly  be  calculated,  I  consider  here  the  market- 
house  at  the  town  of  Ensuiko,  in  the  Prefecture  of  the  same 
name,  which  was  damnged  on  the  occasion  of  the  Kagi  earth- 
quake of  Nov.  0,  1904.    This  structure  consisted  merely  of  a  roof 

with  wooden  truss  supported 
by  -20  brick  j>ost«  (ab,  cd  in 
the  accompanying  figure.)  The 
building  covered  an  area  of  100 
fsubn,  and  was  20  km  in  length 
and  5  km  in  width,  the  longer 
axis  being  parallel  to  the  N-!S 
direction. *  The  roof  had  a  total  area  of  3,900  square  shaku, 
and  was  covered  by  the  tiles  of  the  native  style.  As  the 
weight  por  square  shaku  of  the  roof,  truss,  and  the  tiling,  is 
about  1">  lbs,  the  total  weight  of  the  roof  system  was  about 
00,000  lbs,  distributed  with  the  average  amount  of  3,000  lbs  among 
the  masonry  posts,  of  which  there  wrere  10  on  each  side  with  a 
mutual  distance  of  2  ken.  The  jwsts  consisted  each  of  38  layers 
of  bricks,  the  height  being  8.0  shaku  (=103"),  and  the  section 

*  1  I.  in  =  0  uluiku  -  l.X-2  metres.    1  =  1  ken  wiuiirc. 
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U  bricks  .square,  or  1.17  tsiiaku  (=14")  square.  Assuming  the 
weight  per  1  cubic  incli  of  the  brick  work  to  Ikj  0.0003  lb,  the 
weight  of  eacli  of  the  columns  will  be  1,200  lbs.  Thus  the  total 
pressure  at  the  foot  of  each  column  was  4,200  lbs,  giving  an 
average  amount  of  21, 0  lbs  per  square  inch  of  the  base  area. 
This  amount  of  compression,  added  to  the  tensile  strength  of  the 
mortar  joint  of  tho  brick  work  which  is  assumed  to  be  about 
20  lbs  i>er  sq.  in.,  gives  a  value  of  41.5  lbs  per  sq.  in.  for  the 
effective  tensile  strength  at  base  section  of  the  columns.  Again, 
tho  centre  of  gravity  of  the  whole  building  is  estimated  to  be  at  a 
height  of  7.4  slmku  (  =  2,230  mm),  that  is  to  say,  only  1.2  shokn 
(=30^  cm)  l>elow  the  top  of  the  supporting  columns.  This  fact 
illustrates  the  importance  of  reducing  the  weight  of  the  roof  of 
a  structure,  in  order  to  lessen  the  intensity  of  effects  on  the  latter 
of  the  earthquake  motion. 

The  seismic  stability  of  the  Ensuiko  market- house,  whose 
construction  has  been  sketched  above,  is  indicated  by  the  accelera- 
tion (=«)  of  the  earthquake  motion,  which  is  capable  of  fracturing 
tho  supjjorting  columns  at  their  weakest  position,  namely,  the 
base.    This  can  be  calculated  by  the  formula 

a  -  T\Jw  • 

the  value  of  the  different  constants  being  as  follows : — 

z„=  177.5  mm 
/  =  2,230  mm 
F—  11.5  lbs  pur  sq.  iu. 

W-  Weight  supported  at  the  foot  of  the  column  =  4,200  lbs. 

The  value  of  the  acceleration  «  is  found  to  be  only  407  mm/soe\ 
Such  sin  intensity  of  motion  is  by  no  means  that  of  what  may 
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lie  called  a  "  great  destructive  shock,"  but  is  net  much  different 
from  tho  maximum  acceleration  at  Kongo  on  the  occasion  of  the 
semi-destructive  Tokyo  earthquake  of  June  20,  1894.  Thus  tho 
seismic  stability  of  the  market-house  under  consideration  will  be 
seen  to  be  very  low.  In  order  to  make  a  structure  in  Formosa 
practically  earthquake  proof,  we  must  raise  its  seismic  stability 
to  an  acceleration  of  about  2,000  mm/sec1. 

As  is  to  be  easily  imagined,  nil  the  posts  of  the  market-house 
were  fractured  by  the  earthquake  of  Kagi  of  1901  at  their  bases, 
each  being  also  broken  at  or  near  the  foot  of  the  timber  diagonal 
support  {cf  and  gh  in  the  figure.)  It  is  hereby  to  be  remarked 
that  great  care  must  be  taken  in  the  use  of  trusses  and  ties. 
The  existence  of  even  an  apparently  insignificant  discontinuity, 
in  the  form  and  dimension,  the  rigidity,  or  the  material,  invariably 
produces  a  fracture  or  mutual  destruction  at  the  joints. 
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On  the  Duration  of  the  Strongest  Part  of 
Motion  in  Destructive  Earthquakes. 

By 

V.  OMOKI,  Sc.  I)., 

Member  of  tbe  Imperial  Earthquake  Investigation  Committee. 

The  disturbance  due  to  a  large  earthquake  is,  when  observed 
by  means  of  a  sensitive  seismograph,  generally  found  to  last  several 
hours.  The  duration  of  the  sensible  part  of  the  motion  is  of 
course  much  shorter.  Still  it  may  sometimes  happen  that 
at  or  near  the  epicentral  district  of  a  destructive  earthquake,  the 
ground  is  kept  for  a  considerable  time  interval  in  a  state  of 
shaking,  owing  to  an  incessant  occurrence  of  the  after-shocks 
Thus  at  the  Kushii-o-^o/i./  light-house,  on  the  occasion  of  the 
Hokkaido  earthquake  of  March  22,  18!)  I,  at  7h  ."Him  pm.,  the 
lamp  could  not  be  kept  lighted  for  the  30  minutes  after  the  great 
shock  on  account  of  the  almost  continual  succession  of  the 
tremblings  ;  the  origin  of  disturbance  being  under  the  Pacific  at 
a  distance  of  about  100  km  from  the  coast  of  Kushiro  and  Ncmuro. 
For  the  sake  of  reference  I  give  next  the  duration  of  the  *4  prin- 
cipal portion "  of  the  ordinary,  or  non-destructive,  earthquake 
motion,  obtained  from  the  macro-seismograph  observations  at 
Miyako  (province  of  Rikuchu),  and  Kyoto. 

Miyako  Duration  of  Principal  Portion,  0.7  see.  to  *2<i  sec. 

Kyoto    „  «.0    „    „   20  „. 

The  duration  of  the  principal  portion,  which  according  to  the 
observations  at  Miyako  and  Kyoto  varied  between  0.7  and  20  see., 


Digitized  by  Google 


On  the  Duration  of  tbe  Strong  Pnrt  of  Motion  in  IVstnHive  Furtlwinakes.  Of)" 


mav  be  taken  in  ordinary  cases  to  lie  from  a  few  seconds  to 
about  half  a  minute.  The  monvements  are,  however,  not  uniformly 
large  throughout  tho  principal  portion  of  an  earthquake.  On  the 
contrary,  there  are  usually,  in  the  seismic  motion  due  to  a  near 
origin,  a  few  prominent  vibrations  at  the  commencement  of  the 
principal  portion  which  are  much  larger  than  the  others.  This 
particular  feature  of  motion  is  specially  well  marked  in  strong 
and  large  earthquakes. 

The  following  list  gives  the  duration  of  the  strongest  part  of 
the  principal  portion  for  the  10  destructive,  semi-dostruotivo,  and 
severe  earthquakes  in  Japan,  measured  with  the  CJrav-Milne-Kwing 
type  macro-seismographs  at  the  different  stations  :-  - 


No. 

Hate, 

Fjirihipuikc. 

Plnee  of 
OWrvation. 

Duration  of  the 
HtmngcHl  Furt. 

1 

<vt. 

K.,  \hh\ 

Tokyo  Kukc.  (severe) 

Tokyo 

7.0 

3 

•Tune 

20,  1HU4 

Tokyo  l/jke.  (»>mi-<lcstrnctive) 

H 

4.:i 

:i 

O.-t. 

7.  ., 

Tokyo  Kqko.  (severe) 

»• 

4.0 

4 

Jim. 

18,  IKJ3 

.. 

•• 

K.O 

Sept. 

7. 

Mino-Owuri  E.|ke.  (somi-«1estnu-tive| 

(iifu 

si.r. 

r, 

.Tun. 

10,  18.14 

»» 

r..n 

7 

Sept. 

7,  1893 

fKiignfthima  (Chimn)  Fy[ke.  (nemi-<lp- 
|  stmrtive) 

KfiKoHliinm 

r,.o 

H 

12,  1*>8 

fFiiknoka  (lUwhima)  V*\Vo.  (semitle- 
|  rtructive) 

Fnknoka 

K.5 

i> 

Aug.     :11.  lftN'i 
(at  4>'  20™  pm.) 

Rikur-hn-Ugo  K<ike.  (nevere) 

Miyako 

4.0 

10 

•Tune 

7,  1lKi:» 

Tuito  lv|ke,  (severe) 

Tuito 

as 

11 

April 

24,  11)04 

Kagi     „  (ili'stmctivi) 

Tui  nun 

HX, 

13 

N..v. 

<"..  ,. 

..     (       .,  ) 

lll.ll 

i:» 

Mureh 

17.  l'JOO 

Oreut  Kagi  Kqke. 

11. SI 

14 

April 

14,  mix; 

Kagi  Kqke.  (destructive) 

i:i.!l 

ir, 

.Ian. 

11.  1SW0 

|  Rmwhitdiyo  and  ltokusekiknkn  F»ike. 
\  (destructive) 

1SI.0 
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F.  Om.'ri  : 


No. 

Date. 

EftrthqMkc. 

Tlftce  of 
Olmervntion. 

Duration  of  the 
Strongest  Part. 

10 

April    23,  18W 

(Origin  off  the  NE  cawt  of  Mnin 
{    Island.  (Haver*) 

Miyako 

19.0 

17 

March    7.  1R8S> 

1  Origin  off  the  E.  oonat  of  Kii. 
{  (destructive) 

Wnknyamn 

19.0 

IK 

Ang.     31,  1890 

Ore.it  lUkn-U  Rike. 

Miynko 

20.0 

VJ 

Oct.      2R.  1891 

Great  Mino-Ownri  Eiiko. 

Tokyo 

2*.0 

Of  the  above  19  earthquakes,  the  twelve  severe,  semi-destruc- 
tive, and  destructive  shocks,  namely,   Nos.  1,  2  11,  and  1.1, 

were  not  what  may  he  called  a  great  earthquake,  namely,  extensive 
and  very  destructive  seismic  disturbance.  Again,  the  three 
Formosa  earthquakes,  Nos.  12,  13,  and  14,  were  very  destructive, 
having  caused  the  following  amount  of  damage : — 

Eqke  No.  12  :     45  lives  lo<    490  houses  entirely  destroyed. 
„      No,  13  :  1240    „     „  ,  5660  „ 

No.  14  :     15  1540      n  »>  t» 

These  Formosa  earthquakes  were,  however,  each  quite  limited  in 
area,  indicating  the  relative  smallness  of  their  magnitudes.  Now, 
in  the  eases  of  the  14  earthquakes,  Nos.  1  to  11,  the  duration  of 
the  strongest  part  of  motion  lasted  1.0  to  13.0  sec.,  with  the 
average  value  of  8.0  seconds ;  being  in  the  majority  of  cases  less 
than  10  seconds.    Eqkc  No.  M  indicated  the  duration  of  10.0  see. 

In  the  two  earthquakes,  Nos.  10  and  17,  which  were  large 
submarine  disturbances,  the  duration  were  each  19  sec.  Finally, 
the  liikn-U  (No.  IX)  and  MinoOwari  (No.  19)  disturbances  were 
very  great  destructive  shocks,  the  duration  of  the  strongest  motion 
being  20  and  28  sec.  resjieetively. 

Sininuary.    In  destructive  shocks,  the  duration  of  the  strongest 
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part  of  motion  is  genemlly  4  to  1 0  seconds.  When,  however,  the 
earthquake  is  very  great,  that  is  to  say.  extensive  and  violent, 
the  duration  in  question  may-  1k>  nearly  30  seconds.  These  results 
will  be  of  use  in  the  consideration  of  the  destructive  effects  of 
earthquake  shocks  on  different  structures. 
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Aleutian  earthquake  of  Aug,  17*  1906.  The  north  Pacific 
earthquako  of  Aug.  17,  1900,  occurred  at  about  Oh  lira  44s  (G.M.T.),  or 
28m  21s  earlier  than  the  great  Valparaiso  shock  on  the  same  date,  the 
approximate  position  of  its  origin  being,  according  to  my  estimation,  on  the 
southern,  or  convex,  side  of  the  arc  of  the  Aleutian  Islands,  at  f =f>0°N, 
^=17/»°E.*  Had  the  centre  of  this  earthquake  been  in  the  same  longitude 
but  much  more  southwards,  say  at  latitude  30°  N  or  so,  the  shock  might 
possibly  liave  been  felt,  or  registered  on  the  cable  instruments  at  the  Midway 
Island  (^  =  28°  30'  N,  I— 177°  VV).  Such  was,  however,  not  the  case,  as  will 
lie  seen  from  the  following  letters,  which  have  vory  kindly  been  communicated 
to  me  by  Dr.  Otto  Klotz,  Director  of  the  Astronomical  Observatory  of  Ottawa, 
Canada.    (1*.  Oraori.) 


"  J.  D.  Gaines,  Esq.,  12th  April,  1907. 

Supt.  Cable  Station, 
Honolulu,  Hawaii. 
My  dear  Mr.  Gaines, 

"  I  hope  that  in  the  following  I  am  not  asking  too  much  of  yon, 
anyway,  my  excuse  is  that  it  is  in  tin  interest  of  Science— and  tliat 
means  Mankind. 

"Yon  know  last  August  10  about  8  P.M.  at  Valparaiso  occurred  a 
destructive  earthquake. — The  earthquake  instruments  showed  liowever 
another  quake  about  half  an  hour  earlier,  whose  origin  is  placed  in 
1*4.  30°  N.  Long.  107°  E„  any  about  800  west  of  your  station  Midway.— 
Now  what  I  desire  to  ascertain  is  whether  at  Midway  the  cable  in- 
struments were  in  any  way  affected  either  mechanically,  that  is,  by 
direct  pulsations  or  quakes,  or  magnetically,  that  is,  that  the  magnetic 
field  was  distrubed,  as  shown  by  the  syphon  or  electric  apparatus. 

«  S*e  the  •  Hulk-tin,"  Vol.  I,  No.  Z. 
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"  The  time  at  Midway  would  l«  in  the  neighborhood  of  Noon  Thurs- 
day, Aug.  1G  counting  time  westward  ;  I  am  mentioning  this  as  Midway 
is  so  close  to  the  anti-prime  meridian  where  the  change  of  date  takes 
place ;  for  reckoning  eastward  it  would  be  noon  Aug.  17. 

"  There  should  have  been  noticed  too  on  that  day,  after  noon,  one 
or  more  tidal  waves  coming  from  the  west  due  to  the  quake.  Perhaps 
the  diary  there  will  disclose  that  phenomenon. 

"  I  would  be  very  glad  if  your  Supt.  (Mr.  Colley),  at  Midway  would 
louk  up  the  syphon  records  for  several  hours  about  noon  and  see  whether 
any  disturbance  is  shown.  Possibly  he  made  a  note  on  that  day  about 
the  behaviour  of  the  instruments. 

"  1  would  have  written  to  him  direct  if  I  knew  of  any  mail  com- 
munication with  Midway,  hence  I  throw  myself  on  your  good  nature. 

"  It  is  desirable  that  the  time  should  \w>  given  as  accurately  as  pos- 
sible for  any  disturbance  that  may  have  been  recorded  or  noted. 

Yours  sincerely, 
Otto  Klutz." 

"  Commercial  Pacific  Cable  Company. 

IIouolulu,  H.T.  July  lb/07. 

To  Otto  Klotz,  Esq., 
My  dear  Mr.  Klotz. 

"  Pardon  the  delay  in  answering  your  letter  of  April  12th — I  have 
been  very  busy  with  outside  work,  which  with  the  office  work  kept  me 
fully  occupied. 

"  I  spoke  to  Mr.  Colley  over  the  wire  and  he  looked  over  the  slips, 
for  several  hours  on  each  side  of  Noon,  Aug.  16th  and  he  says  the 
instruments  were  in  no  way  affected  and  no  indications  of  tidal  waves. 

"  I  hardly  expected,  he  would  find  any  indications.  Wo  noticed 
none,  during  the  San  Francisco  earthquake. 

"  We  have  felt  one  or  two  alight  quakes,  during  the  time  1  iiavc 
lived  here,  but  I  could  never  discover  any  disturbance  on  the  slip.  A 
lew  nights  ago  we  hid  a  slight  quake,  it  shook  my  bod,  I  thought  of 
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you,  noted  the  time,  and  phoned  the  office,  to  murk  the  slips  of  Ik>Ui 
instruments,  so  I  could  examine  them  the  next  morning.  I  could  not 
see  the  slightest  disturbance — I  was  delighted  you  wrote  me  and  shall 
always  1«  glad  to  look  up  anything  for  you. 

Very  sincerely, 

(Sgd)  J.  D.  C.yines." 

Earthquake  of  Sept.  3,  1007.  The  following  account  of  the  earth- 
quake of  Sept  3.  1907,  is  taken  from  the  Japan  Times  of  Sept.  25,  1907. 

"  *Ut inning  nea-qmkc  exjxricnce  cf  the  Kintni.  The  Japanese  sealing 
schooner  Kinsri-morn  arrived  at  Hakodate  on  the  morning  of  the  22nd  of 
September  from  the  llchring  Sea,  having  taken  743  senl  skins  for  the 

"The  master  of  the  vessel  reports  all  the  other  Japanese  sealing  ves- 
sels in  the  Beliring  Sea  as  doing  well,  and  having  between  three  and  four 
hundred  seals  each. 

"  On  the  20th  of  August,  the  Kintn-i-mtiru  during  a  gale  slipped  a  sea 
which  smashed  all  lier  toate  and  did  other  damage,  thus  compelling  the 
vessel  to  start  for  home  liefore  the  close  of  the  season. 

"  On  the  3rd  of  September,  while  the  vessel  was  in  f>3  North  ami  170 
degrees  East,  heavy,  severe  and  continued  submarino  earthquake  shocks 
were  felt,  and  which  lasted  for  over  twenty-four  hours,  diving  which  the 
vessel  sailed  120  miles.  One  shook  lasting  for  three  minutes  was  so  severe 
that  it  was  thought  that  the  vessel  would  go  to  pieces.  The  surface  of 
the  ocean  was  covered  with  dense  masses  of  pumice  stone  for  a  distance  of 
over  two  hundred  miles." 

Eureka  earthquake  of  Aug.  18,  1908.  Tho  following  letter 
from  A.II.  lfcll,  Esq.,  relates  to  tho  severe  load  shock  felt  at  Eureka,  in 
California,  on  Aug.  18,  1908. 

"  My  Dear  Sir  :  Mureka,  California.    August  18,  1908. 

The  heaviest  earthquake  experienced  since  the  momorable  'shake- 
up  '  of  April  18,  1900,  occurred  this  morning  at  2 : 59  o'clock.  The 
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vibratious  Listed  about  fourteen  seconds.  Anotlior  shock  of  less  severity 
whs  felt  at  5 : 27  am.,  lasting  about  ten  seconds.  I  am  informed  that 
this  earthquake  was  not  felt  at  San  Francisco,  the  seismic  motions 
extending  about  thirty  miles  north  of  Eureka  Jind  probably  al»ut  the 
same  distance  to  the  southward.  The  damage  done  did  not  exceed 
$3000.  I  have  just  mailed  detailed  report  to  Prof.  McAdie,  San  Fran- 
cisco, California  

Yours  very  truly, 
Aaron  H.  Bell,  U.  S.  Weather  Bureau  Office." 

Tho  following  extract  is  taken  from  an  Eureka  daily  paper: — 

"  Weather  Observer  .Varon  H.  Bell  stated  this  afternoon  that  tho 

first  and  most  severe  quake  this  morning  occurred  exactly  at  2 :  59  o'clock, 
and  lasted  about  14  seconds  with  vibrations  from  the  southeast  to  tho 
northwest.  The  violence  was  sufficient  to  stop  clocks,  rattle  windows,  and 
in  the  weather  oljserver's  office  several  instruments  were  disturbed.  The 
greatest  intensity  was  shortly  after  the  beginning,  gradually  diminishing 
thereafter. 

"  The  second  earthquake  this  morning  came  at  5  :  27  o'clock,  was  of 
less  violence  and  lasted  about  10  seconds,  the  vibrations  being  upon  tho 
same  direction  as  those  of  the  first.  Weather  Observer  Bell  states  that  the 
quakes  this  morning  were  nothing  as  compared  to  the  memorable  one  of 
two  years  ago  in  April,  wheu  San  Fraucisco  was  almost  wiped  out  of 
existence." 
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Note  on  the  Long-period  Variations  of 
the  Atmospheric  Pressure. 

By 

F.  OMORI,  Sr.D., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

With  Pis.  XLIV-XLVIII. 


1.  Introduction.  From  the  discussion  of  tho  after-shocks 
of  the  Mino-Owari  and  other  recent  destructive  earthquakes  in 
Japan,*  tlie  seismic  frequency  has  been  found  to  have,  besides 
the  diurnal  and  annual  variations,  the  periodicities  approximately 
of  tho  lengths  of  4.J  i  days,  0  days,  12  days,  33  days,  and  3 
months  ;  amongst  others,  the  period  of  4i  days  occurring  very 
often.  The  present  note,  which  is  to  be  regarded  as  a  supplement 
to  my  paper  on  the  secondary  causes  of  earthquakes  (the  Bulletin, 
Vol.  II,  No.  2),  gives  some  account  of  tho  longer  periods  of  varia- 
tion of  the  barometric  pressure,  the  object  being  tho  comparison 
of  the  seismic  and  atmospheric  periodicities. 

2.  1st  method  of  finding  out  the  periodicity  of  barometric 
jyressurc.  The  daily  or  other  mean  barometric  pressure 
at  a  given  place  of  observation  is  plotted  on  a  section  paper, 
and  the  length  of  a  period  is  obtained  by  biking  the  average 

«  F.  Omori:  "On  the  nfter-fibot-ka  of  enrtbqunkes,"  Jour.  Sc.  Coll.,  Tokyo  Imp.  Univ.,  Vol. 
VII,  (1K94).  Also  F.  Omori :  *'  On  the  Enrtliqnakcs  in  Forcnowi,"  R<M>ortR  (.Tnpnnrse)  of  the  Imp. 
Fj\rth«inftke  Inv.  Comm..  No.  54  (HH)j). 
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from  the  mean  curve  drawn  by  free  hand  extended  over  several 
consecutive  months.  (See  Figs.  1,  2,  and  3.)  I  give  next  some 
examples  relating  to  Tokyo,  Gifu,  and  Mt.  Tsukuba. 

3.  Barometric  pressure  at  Tokyo,  Gifu,  and  Mt.  Tsukuba. 
As  examples,  I  have  taken  the  data  relating  to  Tokyo,  Gifu 
(province  of  Minn),  and  Mt.  Tsukuba,  and  the  average  length  of 
the  different  periods  have  been  deduced  fmm  the  curves,  in  which 
the  ordinate  is  the  mean  barometric  height  corresponding  to  the 
time  expressed  in  1,  2,  5,  or  10  days  intervals.  As  may  easily 
be  imagined,  the  variation  of  the  barometric  pressure  is  generally 
very  complex.  In  sotne  cases,  however,  there  is  certain  regularity, 
when  the  barometric  variation  indicates  the  periodicity  of  one 
kind  or  other.  Thus,  Fig.  1,  which  illustrates  the  variation  of 
the  daily  mean  pressure  at  Uifu  between  May  1  and  Aug.  9, 
1892,  indicates  a  period  of  about  4£  days.  Again,  in  Fig.  2, 
which  represents  the  same  variation  in  1903  at  the  top  observatory 
of  Mt.  Tsukuba,  a  period  of  8  or  9  days  is  shown  between  Jan. 
10  and  Feb.  1,  and  in  three  other  ejwehs,  while  a  jwriod  of  about 
4£  days  is  shown  during  the  rest  of  the  year.  Fig.  3  illustrates 
the  10-daily  variation  of  the  barometric  pressure  in  Tokyo  during 
the  three  years,  1887-1889,  indicates  more  or  less  clearly  a 
period  of  3  months.  The  results  obtained  uro  summarized  in  the 
following  table. 
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Time  Interval. 

The  mean  Imrometric 
pressure  from  whoso 
variation  the  poriod 
has  been  deduced. 

Average  Length 
of  Period. 

1 

TOKYO. 

Oct.  1-Dec.  31,  1888. 

Daily 

mean  pressure. 

4.7  days. 

During  the  year  1888. 

2-dailv 

,, 

8.7  „ 

Jan.  1-Aug.  30,  1889. 

2-daily 

>> 

32.0  „ 

During  the  3  years,  1887-18IO. 

10-daUy 

H 

3  months. 

GIFT/. 

Jan.  1-Sopt.  9,  1892. 

Daily  i 

nean  pressure. 

9.2  days  ;  4.0  days. 

Jan.  1-Ang.  31,  1893. 

»» 

i« 

4  0 

Sept.  1.  1891  March  31,  1892. 

2-daily 

»» 

o.o  „ 

May  1-Dec.  31,  1892. 

2-daily 

w 

y..i  „ 

During  the  year  1893. 

2-daily 

M 

9  0 

Do. 

5-daily 

II 

35  0 
WSJ 

Do. 

10-daily 

" 

34  0 

Sept.  1, 1891-Dec.  31,  1892. 

10-daily 

n 

o  montiis. 

JNOV.  xn-Uoc.  ol,  190.2. 

BIT. 

Daily  i 

TSUKUBA. 

nean  pleasure. 

8.6"  days. 

Jan.  10-Feb.  4,  1903. 

>» 

n 

8.3  „ 

Feb.  4-March  10,  1903. 

>i 

»i 

4.4  „ 

March  19-April  13,  1903. 

»> 

ii 

8.3  „ 

April  17-May  5,  1903. 

»» 

ii 

4.5  „ 

May  5-May  31,  1903. 

>» 

i» 

8.7  „ 

OcU  17-Nov.  5, 1903. 

»» 

» 

5.0  „ 

Nov.  G-Dec.23,  1903. 

'» 

ii 

7.8  „ 

The  different  periods  contained  in  the  above  table  may  be 
divided  into  4  groups,  i,  ii,  iii,  and  iv,  as  follows  :— 
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i 

♦  # 

ti 

in 

iv 

days 

days 

days 

mouths. 

4.7 

8.7 

32 

3 

•i.l) 

do 

4.0 

8.(5 

4.4 

9.3 

4.5 

9.0 

5.0 

8.G 
8.3 
8.3 
8.7 
7.8 

Minn . .  4.6  days.  .  ■ 

 8.7  dnys 

■* 

The  mean  values  of  the  4  different  periods  are  4.6  days,  8.7 
days,  33  days,  and  3  months,  the  first  two  occurring  most 
frequently. 

4.  '2nd  method  of find huj  out  the  periodicity  of  barometric 
pressure.  Instead  of  considering  tho  variation  of  atmos- 
pheric pressure  at  a  given  place  as  explained  in  the  preced- 
ing §,  let  us  find  but  tho  time  interval  between  tho  successive 
epochs,  when  the  whole  of  Japan  is  covered  by  high  barometric 
pressure.  Thus,  Figs,  t  and  ">  represent  two  consecutive  cases 
separated  by  about  4  days,  when  the  high  pressure  area  extended 
over  the  principal  Japanese  islands.  The  mean  values  of  the 
different  periods  in  the  pressure  variation  obtained  by  this  method 
from  an  examination  of  the  weather  maps  of  Japan  during  the  4 
years,  1900  to  1903,  are  given  in  the  following  table. 
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Timo  Interval. 

Number  of 
timeH  when 
high  presume 
nrw»  extended 
over  Japan. 

Average  iulervul 

Ixitween  tin.- 
Buocetwivo  high 
prepare  epoch*. 

Jan.  3  ;  6  aiu. — -May.  14  ;  10  pm. 

1900. 

day 

5 

hour 

2 

Sopt,  29  ;  10  pra.— Dec.  28  ;  10  piu. 

»» 

oi 

4 

12 

J}.n   Q  -2  nni        Fob   9  •  2  t>m 

U  C.VU  •      id   y  m4     \tklL,               X.        1/a       *J    y      W     I'll J • 

1901. 

o 

4 

19 

Fob.  18 ;  6  am.— March  21 ;  2  piu. 

•  » 

O 

4 

10 

March  26  ;  10  pin. — June  1 ;  10  pra. 

5 

4 

Sept.  29  ;  10  pm.— Doc.  27  ;  10  pra. 

24 

3 

21 

Dec.  31 ;  10  pm.  1901— April  (> ;  10 

pm.  1902. 

24 

4 

4 

April  18  ;  6  am. — May  15  ;  2  pm. 

<» 

8 

22 

May  25  ;  G  am. — Jnly  1  ;  10  pm. 

M 

5 

9 

10 

July  17  ;  6  am.— Aug.  27  ;  10  pm. 

It 

5 

10 

10 

Oct  5  ;  10  pm.  1902— Jan.  1 ;  2  pm. 

1903. 

23 

4 

0 

Jan.  5  ;  2  pm. — Jan.  24  ;  G  am. 

» 

5 

4 

10 

„     28  ;  10  pm. — May  4  ;  6  am. 

4 

3 

Mny  9 ;  10  pm. — June  21 ;  10  pm. 

»» 

8 

0 

Taking  the  means  from  the  above  table,  we  obtain  the  following 
two  periods : — 

il     h  days 
(i)    4  14  =  4.0       (averaged  from  12  cases) 

(ii;  9  22  =  9.9      (      „         „      2    „  ) 

5.  Combining  the  results  obtained  in  §§  3  and  4,  the  mean 
values  of  the  first  two  periods  arc  found  to  be  : — 

1st  period   4.6  days. 

2ud   9.3  „ 

Thus,  the  length  of  the  2nd  period  is  double  that  of  tho  1st 
period,  the  latter  being  probably  the  fundamental  period  in  the 
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variation  of  the  atmospheric  pressure  from  day  to  day.  It  is 
quite  possible  that  tliere  exist,  besides  the  period  of  9.3 
days  and  one  of  about  33  days,  many  others  of  longer  or 
shorter  durations,  which  are  probably  the  multiples  of  the  1st 
period.  The  period  of  Ihe  length  of  3  months  may  be  of  a 
different  origin,  being  one  of  the  harmonics  of  the  annual  period. 

All  the  four  periods  in  the  variation  of  the  Wirometric 
pressure  as  above  obtained  are  evidently  similar  to,  and  likely  to 
be  the  causes  of,  the  corresponding  periods  in  the  variation  of  the 
earthquake  frequency  (§  1). 

I  give  next  a  short  notice  respecting  the  after-shocks  of  the 
Taito  (Formosa)  earthquake  of  1903,  whose  frequency  shows 
fluctuations  parallel  to  those  of  the  barometric  pressure. 

6.  Aftershocks  of  the  Taito  earthquake  of  Sept.  7,  1903. 
The  following  table  gives  the  daily  mean  barometric  pressure  at 
Taito  (Formosa)  and  the  daily  number  of  the  after-shocks  of  the 
strong  earthquake  of  Sept.  7,  1903,  recorded  at  the  same  place  by 
means  of  an  Omori  horizontal  i>enduluin  of  6  times  magnification. 

DAILY  MEAN  BAROMETRIC  PRESSURE  AND  DAILY  NUMBER  OF 
EARTHQUAKES  AT  TAITO  (FORMOSA).    SEPT.— OCT.,  1903. 


1 


7(50.0 
58.8 
5S.G 
59.2 
59.0 


October 


754.0 
50.5 
57.S 
53.0 
53.2 


mm 


1 
- 

:; 
I 

5 


o 


3 

i 

5 


0 


0 


0 


•  With  freezing  point  correction.    Redaction  to  Htunilinl  RrnvHy  =  Minni ;  tlmt  to  mmn 
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Atmospheric  Pressure.*  Dnily  Number  of  Earthquakes. 


-.r---'"  Month 
Day  -   

September. 

October. 

~  •  Mouth 
Uuv 

September. 

October. 

it 

11 

mm 
oo,o 

mm 
OtVl 

•  i 

0 

7 

ri7  8 

m  0 

7 

u 

H 

r»7  ^ 
O  1  ••) 

<i7  7 
o  1 .  < 

c 

o 

(5 

0 

Q 

•  )n..> 

it 

5 

0 

in 

J." 

1Q 

1" 

9 

0 

J.  1 

17  Q 

OJ.it 

J  1 

2 

0 

l'> 

O.7..) 

1  o 

2 

0 

13 

iV~>  1 
u.s.  l 

1.1 

5 

o 

14 

1)1  Ml 

no  C, 

14 

•1 

0 

".O  Q 
Olf.o 

HI..) 

1  r. 
lo 

0 

0 
1 

0 

in 

r.o  7 
on.  1 

•1  J.o 

2 

17 

r.q  o 
on..; 

JO..) 

1 

in 

i)".j 

17  7 
o  i.i 

in 

19 

(50.1 

57.8 

19 

o 

on 

0 

21 

•>tvt 

r.R  7 
•  >U.  1 

n 
-l 

0 

2-2 

58.9 

55.0 

22 

0 

23 

59.2 

57.7 

23 

10 

24 

oo.i 

59.(5 

24 

4 

25 

151.0 

59.2 

25 

2 

20 

59.0 

58.3 

2(5 

2 

27 

58.4 

59.0 

27 

0 

28 
29 

58.2 
58.4 

02.6 
01.9 

28 
29 

1 

0 

30 

5C.S 

(54.1 

30 

0 

31 

05.0 

31 

•  The  l*t  shook  took  place  at  2  5'J  pm..  on  tho  7th. 
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As  will  be  seen  from  tho  graphical  representations  in  Fig.  6, 
the  variation  of  the  barometric  pressure  between  Sept.  8th  and  Oct. 
8th  (1903)  indicates  a  period  of  the  mean  length  of  about  4.4 
days,  its  maxima  and  minima  corresponding,  on  the  whole, 
respectively  to  the  maxima  and  minima  of  the  after-shock 
frequency. 
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Maps  showing  the  distribution  of  the  Barometric 

PL  XLVII. 

Pressure  over  Japan. 
Fig.  4.    March  16,  1900 ;  ni  lO  pin. 
Fig.  3-    March  SO,  10OO ;  at  lO  pm. 
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Experiments  on  the  Vibration  of  Brick  Columns. 

By 

F.  OMORI,  Sc. I)., 

Member  of  the  Imperial  Earthquake  Investigation  Committee. 

With  PU.  XT.TX  LDL 


1.  Column*.  The  present  note  gives  an  account  of  the  ex- 
periments on  the  vibrations  of  five  rectangular  brick  columns,  whose 
dimensions  were  exactly  alike,  each  l>eing  composed  of  69  layers 
of  4  bricks.  (Sec  Fig.  1.)  The  height  was  15  shaku  (=495  cm), 
and  the  sectional  area  was  45.5  x  22.5  cm.  The  columns,  composed 
of  bricks  of  superior  quality  of  one  and  the  same  kind  (U 
fTtilMOui&i& and  fixed  to  a  single  large  solid  foundation  of 
concrete  specially  made  for  the  purpose,  had  mortars  of  different 
compositions,  as  follows  : — 

Column  No.  I   Vnw  cement. 

No.  II    1  part  of  eement,  1  part  of  sand. 

No.  m         1         „  ,2 

No.  IV....  1 
„       No.  V    4  puts   of   lime,  G  „ 

The  columns,  arranged  in  series  as  shown  in  Fig.  2,  with  a 
mutual  distance  of  50  cm  were  constructed  between  Nov.  25  and 
Bee.  18,  in  1901. 

2.  Experiment*.  The  object  of  the  experiments  carried  on 
three  months  later,  at  the  end  of  March  1902,  was  the  determina- 
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tion  of  the 
tliis  purpoj 
or  struck 

Mb.  i- 


5£ 


- 


'-'is 


Brick 
Column. 
(Elovntion 


periods  of  natural  vibration  of  the  different  columns.  For 
e  each  of  the  latter  was  caused  to  move  by  being  pushed 
with  hand  once  or  several  times  at  the  top  in  direction 
normal  to  the  broad  side,  being  then  left  to  vibrate 
freely  and  to  gradually  come  to  rest.  The  record  of 
motion  was  obtained  by  means  of  a  stiff  pointer,  which 
was  attached  to  the  top  of  the  column,  and  to  whose 
end  was  hinged  a  pen  tracing  in  ink  the  vibrations  on 
a  record-receiver  mounted  on  an  independent  staging 
of  timbers.  The  diagrams  obtained  in  this  manner  are 
reproduced  in  Hates  XLIX  to  LII.  The  column  No. 
V,  of  lime  mortar,  was  very  easily  thrown  into 
movements  of  a  considerable  amount;  while  the 
column  No.  I,  of  pure  cement  mortar,  could  be  mado 
to  vibrate  only  slightly.  Again,  it  happened  almost 
always  that,  when  one  of  the  columns  was  vibrating, 
the  neighbouring  ones  were  also  thrown  into  a  state 
of  motion  to  an  appreciable  degree.  The  following 
table  gives  for  the  different  columns,  the  maximum  or 
initial  range  (double  amplitude  —  2a)  of  motion  and 
the  period  of  vibration  during  the  earlier  and  end 
portions. 

Tig.  2. 

Clnn  showing  the  Hrrnn^eracnt  of  iho  columns  in  scries. 


Section.) 


CZIZ     C.  J     f'  —J 

•i-^  22.5  cm. 
<'-!">0. 
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No.  of 

No.  of 

Initial 
or 

Max.  la. 

Average  Period  in  the 

Column. 

E  x  t)G  ri  in  e  ii  t . 

Earlier  part 

End  part. 

1 

mm 

0.8 

eec. 

sec 

0.23 

2 

1.8 

0.23 

3 

4.3 

0.24 

0.24 

4 

1.6 

0.23 

6 

7.0 

0.25 

0.25 

6 

6.7 

0.26 

0.25 

I 

7 

6.3 

0.26 

0.25 

n 

A  Q 

0.25 

0.24 

Q  (1 
O.U 

0  24 

1(1 

n.U 

0.£< 

0  9.4. 

. 

i  I 

(>.y 

0.26 

0.25 

12 

7.8 

0.27 

(►.24 

in 

0.27 

0.25 

JflCftH. 

a  k 
b.5 

(1  and  2  excepted) 

0.26 

0.24 

1 

|  4.0 

0.22 

0-22 

2 

4.7 

0.24 

0.23 

:\ 

5.7 

0.23 

0.23 

n 

1 

5.3 

6 

4.5 
6.7 

—  . 

• 

n 

0.24 

0.23 

7 

5  3 

0.23 

0.23 

Main. 

5.3 

0.23 

0.23 

1 

7.1 

0.25 

0.24 

2 

6.8 

0.25 

0.23 

in 

3 

7.5 
9.5 

4 

0.27 

0.24 

5 

8.2 

0.26 

0.25 

7.8 

0.26 

0.24 
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No.  of 

No.  of 

Initial 

or 

Max.  2«. 

Average  Period  in  the 

Column. 

Experiment. 

Earlier  part. 

End  part. 

IV 

1 

2 

3 
4 

r> 

.Vf«». 

mm- 

Q  /Column^ 

13.0 
1G.5 

19.0 
8.5—19.0 

sec. 

0.24 
0.31 
0.50 
0.54 
0.G2 
0.31-0.62 

sec. 

0.24 
0.25 
0.27 
0.25 
0.26 

V 

1 

2 

:» 

4 

r> 
r, 
7 
8 

G.7 

9.4 

7.6 
17.1 
18.7 
21.5 
24.0 

3.9 
3.9—21.0 

0.42 
0.45 
0.48 
0.62 

0.67 
0.77 

0.12-0.77 

0.33 
0.35 
0.36 
0.37 
0.38 
0.41 
0.40 
0.40 
0.33—0.41 

The  column  Xo.  I  seemed  to  indicate  a  .slight  lengthening 
of  period  with  the  repetition  of  the  vibration  experiments. 
Thus,  in  the  experiments  Nos.3-8,  the  period  in  the  earlier  part  of 
motion  varied  between  0.24  and  0.20  sec,  with  the  average  of 
0.25  sec;  while  in  the  experiments  Nos.O-lo,  the  corresponding 
period  varied  between  0.20  and  0.27  sec,  with  the  average  of 
0.27  sec  The  period  in  the  later  part  of  motion  seems  to  show 
also  a  similar,  though  very  slight,  tendency. 

The  same  phenomenon  is  more  markedly  shown  by  the  lime- 
mortnr  column  No.  V.  Thus,  during  the  eight  experiments,  Nos. 
1-*,  the  period    in  the    earlier  part    of  motion  successively 
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increased  from  0.12  up  to  0.77  sec,  while  the  period  in  the  later 
part  of  motion  increased  from  0.33  up  to  0.41  sec. 

The  lengthening  of  the  vibration  periods  of  the  columns  with 
the  repetition  of  experiments  is  probably  due  to  the  formation  of 
microscopically  fine  cracks  at  the  joints  and  through  bricks, 
which  is  equivalent  to  diminishing  the  elastic  moduli  of  the 
columns  without  changing  the  mass. 

3.  Vibration  of  column tt  Xos.  I-IV.  From  the  above  given 
table,  it  will  bo  seen  that  the  ranges  (double  amplitudes)  of 
vibration  of  the  different  columns,  although  not  caused  by  exactly 
one  and  the  same  amount  of  force,  were  nearly  alike,  the  mean 
values  varving  between  5.3  and  8.5  mm.  Half  of  the  last-named 
limit  of  range  of  motion,  which  fractured  the  column  No.  IV,  is 
to  be  taken  as  being  the  displacement  at  the  top  of  the  columns, 
which  mav  break  the  latter  at  the  base. 

Again,  the  periods  of  vibration  of  the  four  columns  under 
consideration  were  practically  identical  with  one  another,  varying 
in  the  earlier,  or  large  amplitude,  part  of  motion  only  between 
0.23  and  0.2(5  see.,  and  being  in  the  later  or  end  part  between 
0.23  and  0.2 1  sec.  This  uniformity  of  motion  is  quite  contrary  to 
what  we  should  be  led  to  expect ;  as  the  columns  Xos.  I,  II,  III, 
and  IV,  whose  mortar  composition  varied  from  pure  cement  to 
1  part  of  cement  and  3  parts  of  sand,  might  be  supposed  to 
execute  vibrations,  of  which  both  amplitude  and  period  increase 
in  proportion  to  the  quantity  of  the  sand  mixed  in  the  mortar. 
The  apparent  paradox  can  only  be  explained  on  the  assumption 
that  in  each  of  the  four  columns,  the  mortar  was  much  stronger 
than  the  bricks  themselves  and  behaved  as  if  it  were  practically 
incompressible,  the  result  being  that  we  got,  in  these  experiments, 
only  the  vibrations  due  to  the  bricks,  and  not  to  the  joints.    It  thus 
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scorns  t bat  in  brick  works  a  mortar  of  1  part  of  cement  and  1 
to  3  parts  of  sand  is  as  good  as  that  of  pure  cement. 

4.  Vibration  of  column  3ro.  V.  The  column  No.  V  of  lime 
mortar,  was  thrown,  without  boing  broken,  up  to  a  vibration  of 
21  mm,  which  is  nearly  three  times  the  maximum  motion  in  the 
cases  of  the  other  columns.  This  was  evidently  on  account  of 
the  inferior  quality  of  the  mortar,  in  consequence  of  which  the 
elasticity  of  the  bricks  themselves  did  not,  in  the  vibration  of  the 
column,  at  all  come  into  play.  Another  remarkable  feature  in  the 
motion  of  the  column  No.  V  was  the  great  length  of  the  vibration 
period,  whose  maximum  value  was  0.77  sec.  The  difference  of 
the  period  of  vibration  for  Lirgor  amplitude  from  that  for  smaller 
one  ranged  in  the  seven  experiments,  Nos.1-7,  from  0.09  sec. 
to  0.37  sec.  From  experiments  like  these  we  can  readily  imagine 
how  a  tall  brick  chimney  with  bad  mortar  will  be  thrown,  on  the 
occasion  of  a  violent  earthquake,  into  slow  oscillations  of  considerable 
amplitude. 
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